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1.0 SUMMARY 
Analysis, computer simulation, circuit design, breadboard 
testing, preliminary packaging design, and preliminary vehicle and GSE design 
have been performed t o  show t h e   f e a s i b i l i t y  of using roll and yaw compensation 
t o  reduce the incl inat ion error  of  the Scout  launch vehicle .  The recommended 
circuit  configuration, a discussion of t h e  recommended checkout method and 
equipment, and a descr ipt ion of  the instal la t ion requirements  are included 
i n  this report .  
From the analyses,  it has been concluded t h a t  a pre-programmed type 
of   mul t ip l ie r  i s  the  only system current ly  known t o  have suff ic ient  accuracy 
t o  meet the requirements of roll and yaw compensation. Analysis has 
shown t h a t  a gyro drift rate caused by the compensation unit of greater 
than 0.5 degrees per hour would degrade the inclination accuracy improvements 
r ea l i zed  by the addition of the roll and yaw compensation. Since a steady 
vol tage across  the gy-ro torquer produces a d r i f t  rate, it i s  concluded t h a t  
t h e  null uncertainty of t h e  compensation u n i t  must be less than 0.0002 v o l t s  
t o  meet the d r i f t  requirements. Only t h e  pre-programmed mul t ip l i e r  can 
meet this n u l l  requirement. This device achieves the requLred multiplication 
by changing the gain of t h e  compensator as a funct ion  of  the  p i tch  program 
rate on command from the Intervalometer.  The design has shown t h e  f e a s i b i l i t y  
of s e t t i n g   t h e  compensation gains by the adjustment of potentiometers only 
and does not require the pre-wiring of junrpers and f ixed  r e s i s to r s .  Th i s  
gain setting can be accomplished a t  t h e  normal system ca l ibra t ion  dur ing  
performance of Standard Frocedure 4-3-7. 
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A n a l y s i s  has shown that a reduction i n  system complexity, size, 
weight, and cost can be achieved i f  t h e  compensation is requ i r ed  to  opemte  
only for p i t c h  down program rates. S ince  p i tch  up program rates have not 
previously occurred for orbital  missions,  the assumption of only p i t c h  down 
rates is made. Also, in the  event  pi tch up r a t e s  are requ i r ed  fo r  o rb i t a l  
missions, the system can be de-energized such that no compensation occurs 
for  the  t ime of  the  p i tch-up  s tep .  Fur ther  s impl i f ica t ion  is achieved 
by limiting the compensation t o  program rates of 0.06 t o  4.0 degrees per 
second. The l imi t ed  p i t ch  rate range allows for  the use of  the potent iometers  
for  gain  adjustment  and also is  consistent  with the m a x i m u m  and minimum 
pi tch  ra tes  expec ted  dur ing  f l igh t .  
D i g i t a l  computer simulation has shown t h a t   t h e   i n c l i n a t i o n   e r r o r  
i s  not reduced by r o l l  compensation i n  the upper stages but i s  reduced by 
r o l l  compensation i n  t h e  first stage.  This i s  caused by an induced r o l l  
error in   the   upper   s tages  which tends t o   p u l l   t h e   v e l o c i t y   v e c t o r  back 
towards nominal and compensates fo r  t he  e r ro r  w i thou t  ro l l  compensation. 
With r o l l  compensation, no induced roll e r r o r  exists i n   t h e  upper stages and 
the re fo re  the  inc l ina t ion  e r ro r  i s  not inherently compensated. The following 
three  si- i nc l ina t ion  e r ro r s  have resu l ted  from the simulation: 
With R o l l  Comp . With Roll/Yaw 
1st stage only,  Compensation 
Without Roll/Yaw. With Roll/Yaw Yaw Comp. kt, first s tage 
Compensation Compensation a d ,  and 3rd only 
3 5 ' "  * e 7 9 9  2 -318 k .276 * -322 
* Does not include Fourth Stage t ip-aff.  
The c i rcu i t  conf igura t ion  can be packaged u t i l i z ing   p r in t ed  
circui t  boards i n  a 3.5 x 5.25 x 2 inch asselcbly weighing 1.96 pounds. An 
addi t iona l  0.5 pound is r equ i r ed  fo r  i n s t a l l a t ion  hardware and wiring. The 
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package would be  ins ta l led  In  the  vehic le  lower  I 'D"  section. The analysis  
I n d i c a t e s   t h a t   t h e  roll and yaw compensation can be t e s t e d  at the   vehic le  
and bench system level using existing Scout ground support equipment. It i s  
further  determined that the   on ly  new GSE required is  a test  box and a test  
c a b l e   t o   b e  used with  exis t ing  s tandard  laboratory equipment fo r  acceptance 
t e s t ing  o f  t he  roll and yaw compensation unit. Modification m u s t  be made 
t o  t h e   e x i s t i n g  Guidance Test Point  Un i t  accumulation f o r  bench system t e s t ing .  
I n  I s  concluded that this study and the breadboard evaluation has 
shown the   feas ib i l i ty   o f   p roducing  hardware which will improve t h e   o r b i t a l  
incl inat ion accuracy of the Scout launch vehicle,  and it is reconmended that 
f l i g h t  hardware be developed and Incorporated in   the  Scout   vehicle .  
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2.0 INTRODUCTION 
Studies of methods of improving the   o rb i t a l   i nc l ina t ion   accu racy  
of the Scout launch vehicle have indicated that crosswind and t h r u s t  
misalignment a r e   t h e  predominant sources of e r ro r  i n  the  lower  s t ages  of t h e  
vehicle. These sources produce a yaw displacement error which, in  the  presence  
of a p i t c h  rate, causes a r o l l  displacement  error  that  i s  not sensed by 
t h e  guidance system. This error can be reduced by the addi t ion of  Rol l  
Compensation, i.e., by torquing  the  Roll  Miniature  Integrat ing Gyro (MIG) as 
a function of the product of t h e  yaw displacement error and t h e  commanded 
p i t c h  r a t e .  I n  a s imi l a r  manner a r o l l  displacement error in the presence 
of a p i t ch  rate causes a yaw displacement error. Th i s  e r ro r  can be reduced 
by the addi t ion of Yaw Compensation, i.e., by torquing the Yaw Miniature 
In t eg ra t ing  Gyro as a funct ion of  the product  of the rol l  displacement  error  
and t h e  c o m n d e d  p i t c h  rate. Computer simulation has shown t h a t  s i g n i f i c a n t  
improvements i n   t h e   o r b i t a l   i n c l i n a t i o n   e r r o r  caused by the lower stages 
can be achieved by implementation of r o l l  and yaw compensation. A block 
diagram showing the  addi t ion  of roll and yaw compensation t o   t h e   e x i s t i n g  
Scout guidance system i s  shown i n  f i g u r e  1. 
The following sections are p resen ted  to  show t h e   f e a s i b i l i t y  of 
producing hardware for the   addi t ion  of roll and yaw compensation to t he  
Scout launch vehicle. 
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3.0 REQUIREMENTS 
The i n i t i a l  requirements and design constraints 
for Yaw/Roll Compensation are as follows: 
c 
Guidance 
System 
Guidance 
System Guidance System Roll Compensation 
P & w 
a 
8-  * Roll Mult ipl icat ion Torquer 
drift  
Yaw Compensation Guidance System 
6 
hc J Torquer 
I 
w < 
Mult ipl icat ion . - Yaw 
d r i f t  
where : $' = 0 t o  10' (0  t o  .1745 RAD) maximum Yaw displacement 
# = 0 t o  10' ( 0 t o  .1745 RAD) m a x i m u m  Roll displacement 
4 = 0.03 t o  10°/sec p i t c h  program r a t e  (Programmer Capabi l i ty)  
dG = $ = 0 t o  1.7450/sec maximum r o l l  and yaw torquing rates  
d r i f t  t 0 t o  .5'/hour maximum 
f #  GC and 4 x GC to le rance  a t  f 5% 
Additional requirements include: the capabili ty of co&ensating 
fo r   bo th   p i t ch  down and pitch up program commands; a packzged volume no 
greater  than 30 CU. in.; a weight no grea te r  than  2 pounds; and a 28 v o l t  
b a t t e r y  power d ra in  no grezter  than .1 ampere hour. The se l ec t ion  of t he  
method of Yaw/Roll Compensation is t o  be based on the following: 
6 
1. Complexity 
2. Accuracy 
3. Reliability 
4. Pre-Fiight Preparation 
5. Power Requirement8 
6. Size and Weight 
7. Cos% 
7 
4.0 DISCUSSION OF METHODS 
Numerous methods a re   ava i l ab le   fo r   t he   mu l t ip l i ca t ion  p f  two 
s igna ls .  However, most of them can be logical ly  e l iminated based on t h e  
requirements given f o r  Yaw/Roll Compensation. The methods considered 
and a discussion of each are as follows: 
4.1 Servo  Multiplier 
The output of any basic  a inpl i f ier  s tage i s  the product of the 
input and the gain of that  amplif ier .  Therefore ,  i f  the gain of an amplifier 
i s  varied as the  func t ion  of a s igna l  leve l ,  the  output  of the  ampl i f ie r  
method of achiev ing  th i s  ga in  va r i a t ion  i s  by driving a potentiometer with 
an electro-mechanical servo: 
I 
I 
I."._. 
Input #l pos i t ions  t h e  potentiometer which va r i e s   t he   ga in  between the  
output and input $2. "Wo obvious disadvantages t o  this method a r e  s i z e  
and weight since the motors, tachometers, gear t r a i n s ,  e tc .  a re  la rge  and  
heavy compared with electronic  components. Also, ca lcu la t ions  show a 
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required change in gain of approximately 300 t o  1. Using the potentiometer 
i n  ser ies  with the output  torquer  (Rol l  o r  Yaw) ,  a 300 t o  1 change i n  
res is tance would r e su l t  i n  i naccurac i e s  e spec ia l ly  a t  low resis tances  due 
to  the resolut ion of  the potent iometer .  A possible  solut ion would be t o  
switch i n  smaller potentiometers as a function of the input  leve l  such  tha t  
several potentiometers i n  s e r i e s  would r e s u l t  i n  the required resistance range. 
The increased complexity of this switching logic would fu r the r  add t o   t h e  
disadvantages previously discussed. 
4.2 Logarithmic  Multiplier 
Since the ant i log of  the sum of the logarithms of two numbers 
i s  equal to  the  product  of those numbers, the  logar i thmic  c i rcu i t  can be 
used for  mul t ip l ie r  appl ica t ions .  The logari thmic circui t ,  usually a diode 
r e s i s t o r  network, has inherently high drift due t o  temperature change. 
A typical  value i s  10 m / O C .  Therefore, a 46OC temperature change 
(25OC t o  71°C, Scout m a x i m u m  temperature requirement) would result i n  a 460 mv 
d r i f t  o r  an equivalent torquing rate of approximately 0.6O/sec. Obviously 
t h i s  i s  unacceptable because an  error i n  excess of 100$ would r e s u l t   f o r  
cer ta in  torquing rates. 
4.3 Fie ld   Ef fec t   Trans is tor   Mul t ip l ie r  
The FET device displays a var iable  res is tance as a function of 
the  gate voltage level. This  charac te r i s t ic  can be used i n  a manner 
similar to the electro-mechanical servo to provide the multiplication of 
two signals. Examination of typical  Character is t ic  curves  for  FET's shows 
two l inear  res is tances  regions:  
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A block diagram f o r  implementing the FET mul t ip l i e r  is shown below: 
)L -. . . OEMOD 
The gain, K1, is  equal to 1 + €Q/Rl and can never be less than 1. T h i s  
configuration allows for a l inear  ga in  change with variation of t h e  FET 
resis tance %. Also,  the feedback amplifier configuration supplies a near ly  
constant current through the FET. This is impor tan t  s ince  the  charac te r i s t ic  
curve of the FET w i l l  vary with current.  Since the FET resistanee does not 
decrease t o  zero and due t o   t h e  feedback amplifier configuration, the gain K1 
will not be ze ro  fo r  a zero program cormtand. A compensating c i r c u i t  K2 
10 
equal t o  the  minimum value of Kl, is added t o  provide a zero gain at zero 
program command. The FET i n   t h e  compensating c i r c u i t  also c o r r e c t s  f o r  
v a r i a t i o n s  i n  t h e  c h a r a c t e r i s t i c  curve due t o  temperature change. The FET 
mult ip l ie r   appears   to   be  more accurate and less complex than any mult ip l ie r  
currently available.  Bowever, examination of the typical Fmt cha rac t e r i s t i c  
curve indicates one l inear  region of  a srna,ll resis tance change with a la rge  
var ia t ion  in  ga te  vol tage .  A second linear region has a la rge  res i s tance  
change with a very small var ia t ion  i n  gate voltage.  Typical values for 
res is tance var ia t ion are 25 t o  50 ohms from 0 t o  2 vo l t s  and 1000 t o  100,000 
ohms from 3.6 t o  3.8 vol t s .  One region would r e s u l t  i n  a very smll gain  
change f o r  a large input variation while the other region would r e s u l t  i n  
a la rge  ga in  change f o r  a very small variation in input voltage.  Obviously 
any attempt to  increase the gain range or  the input  s ignal  range would r e s u l t  
i n  addi t iona l  c i rcu i t ry  such  as ampl i f ie rs ,  b ias  leve l  c i rcu i t ry ,  and  temperature 
compensation c i r cu i t ry .  It is f e l t  t h a t  t h e  a d d i t i o n a l  c i r c u i t r y  r e q u i r e d  
makes the  F'ET multiplier undesirable from the standpoint of complexity 
as well as accuracy. For example, i f  the 3.6 t o  3.8 vo l t  signal l e v e l  
is b iased  to  0 t o  0.2 vol ts  (negat ive 3.6 b ia s  l eve l ) ,  as l i t t l e  as 5 1$ 
var ia t ion  i n  t he  -3.6 vo l t  b i a s  would result i n  a k 1% s h i f t  i n   t h e  0 t o  0.2 
vo l t  signal level.  Therefore it i s  concluded that  a t t empt s  to  co r rec t  fo r  
the  small l inear  region of  res is tance change i n  the FET would result i n  an 
unsatisfactory system i n  terms of complexity, accuracy and r e l i a b i l i t y .  
However, should future developments result i n  i nc reas ing  the  l i nea r  
resistance range of the FET's, it i s  f e l t   t h a t   t h e  FET mul t ip l ie r  would 
ult imately be superior to any of those currently studied. 
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4.4 Quarter  Square  Multiplier 
Analog computers of ten use the following expression to implement 
the multiplication of two var iables:  
Simplifying the above expressim yields the multiplication of the var iables  
and Y (X "f) . The quarter  square  expression  can  be implemented 
electronically  by  the  following  block diagram. 
~ - "  C 
V 
L 
The squa r ing  c i r cu i t  i s  t h e   c r i t i c a l  element i n  teras of accuracy an d d r  
Usually a res i s tor  d iode  network o r  a t r ans i s to r  c i r cu i t ,  t he  squa r ing  
i f t .  
element is subject  to  parameter  change due t o  temperature, operating current, 
and manufacturing processes. A typical  value for  accuracy is 2 1% of full 
scale output.  For a full  scale output of 1.745 degrees per second, the 
accuracy of t h e   m u l t i p l i e r  is 2 0.01745 degrees per second for any output 
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level. For system operation near the ful l  scale output,  this accuracy is 
adequate. However, it i s  probable that the system w i l l  be operating most 
of the time below 0.01745 degrees per second compensation rate. I n  t h i s  
case t h e  e r r o r  of the   quar te r  square mult ip l ie r  will be greater than * l&. 
Although the  quar te r  square  mul t ip l ie r  resu l t s  i n  a r e l a t ive ly  simple 
c i r c u i t ,  it is concluded t h a t  it cannot provide adequate accuracy f o r  
Yaw/Roll Compensation. 
4.5 Pre-Programmed " ~~ - Gain Changing Mult ipl ier  
Changing the gain of an amplif ier  to  provide a mult ipl icat ion can 
be accomplished by switching fixed resistors a t  a predetermined time. 
Switching commands avai lable  a t  the Scout Intervalometer connect the Programmer 
power supply voltage (epproximately 13.5 v o l t s )   t o  each Programmer channel. 
T h i s  collimand can be used t o  swi tch  f ixed  res i s tors  in  the  Yaw and Roll 
Compensation c i r c u i t s   t o   p r o v i d e  an accurate  mult ipl icat ion at each program 
ra t e .  
I 
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This method of multiplication can be extremely accurate s i n c e   t h e  major 
source of e r r o r  is t he  r e s i s to r  t o l e rances .  The FET i n  t h i s  a p p l i c a t i o n  
is used as a switch providing a few hundred ohms when closed and several  
megohms  when open. The potentiometer i s  provided for  f ine adjustment  
o f  t he  ga in  and  to  co r rec t  fo r  any v a r i a t i o n s   i n   t h e  F E P  saturat ion resis tance.  
For  a low demodulator d r i f t ,  the   accuracy   of   the   to ta l   ays tem will be 
dependent on t h e  r e s i s t o r  and potentiometer tolerances. This accuracy 
could be less than 2 55 i f  required. The major disadvantage t o   t h i s  
method i s  the requirement of pre-flight adjustment of the compensation 
circuit. However, i n  terms of accuracy, complexity and size, it is  concluded 
t h a t   t h i s  method is adequate  for  Yaw and Rol l  Compensation and therefore 
a detailed design of  this  method is  included i n  s e c t i o n  5. An a l t e r n a t e  
t o  t h i s  method would be t h e  use of  exis t ing relay contacts  within the 
intervalometer. However, s i n c e  t h i s  would require an additional connector 
and internal  wir ing modif icat ions to  the intervalometer ,  the use of the  
FET's for  swi tch ing  i s  considered superior. 
4.6 Magnetic Amplifier  Multiplier 
Magnetic amplifiers are avai lable  thzt  have a l inear  input-output  
r e l a t ionsh ip  which var ies  l inear ly  with exci ta t ion vol tage.  Therefore ,  using 
the  exc i t a t ion  as a signal input, the magnetic amplifier can be used as a 
mult ipl ier .  A t y p i c a l  c h a r a c t e r i s t i c  of t'ne multiplylng magnetic amplifier 
i s  shown. 
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Since the magletic amplifier provides multiplication in four quadrants, the 
t o t a l  system i s  relat ively simple. 
r 
Y jl I l l [  
DE WOD 
L 
&- MAG AMP 
T k  amplifiers K 1  and K 2  are primarily required for impedance patching. 
Complexity and a minimum of  pre-flight  preparation are the major advantages 
t o   t h i s  system since the multiplication i s  proportional and operates   in  
all four quadrants. However, hysteresis inherent in magnetic core material 
causes uncertainties in the output null. Since any output null is ref lected 
on the gyro torquer as a drift ,  the output n u l l  must be held t o  a minimum. 
Calculations show t h a t  as little as 0.001 volts across the torquer produces 
a gyro d f i f t  rate of 1.35 degrees per hour. Analysis of available magnetic 
multipliers shows the  bes t  un i t s  to  have en accuracy of l$ of the full 
scale  output  for a fu l l  scale of 2 vol t s   o r  a null   uncertzinty of 0.02 volts.  
Since a null uncertainty of t h i s   m w i t u d e  would czuse an excessive drift  
rate and since the null  uncertainty is inherent with the mgnetic core raten21, 
it is concluded that the magnetic n d t i p l i e r  is unacceptable for  Yaw and Roll  
Compensation. 15  
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5.0 SELECCION OF METHOD 
I n  surveying t h e  methods of e lec t ronic  mul t ip l ica t ion ,  it is 
concluded t h a t   o n l y   t h e  pre-programmed gain changing multiplier meets 
the requirements of Yaw and Roll Compensation. Therefore a de ta i l ed  trade 
s tudy  to  de te rmine  the  se lec t ion  of t h e  method is not  required.  However, 
during the performance of design and analysis of the multiplier,  it has 
become evident  tha t  improvements i n  system complexity, r e l i a b i l i t y ,  s i z e ,  
and weight can be r ea l i zed  i f  c e r t a i n  of the system requirements are revised. 
For example, system complexity can be reduced i f  t h e  Yaw and Roll Compensation 
i s  requi red to  per form only  for  p i tch  down program commands. Also, i f  t h e  
range of pitch program steps is reduced from the required 0.03 t o  10 degrees 
p e r  second the complexity of Yaw and Roll Compensation can be improved. 
Obviously, any improvement i n  complexity will b e  r e f l e c t e d  i n  improvements 
i n  r e l i a b i l i t y ,  s i z e ,  and  weight.  Therefore a t rade s tudy i s  conducted i n  
the following paragraphs to determine the improvements i n  system complexity 
by reducing the requirements of Yaw and Roll Conpensation. 
5 *1 S t a b i l i t y  and Control Anal$= 
5.1.1 Analytical  Derivations 
To provide a better understanding of the vehicle  a t t i tude response 
and  r e su l t i ng  f l i gh t  pa th  e r ro r s ,  t he  eq'xations of motion were manipulated 
a lgebra ica l ly  to  provide  var ious  useful closed form expressions. Using 
the  de f in i t i ons  of t he  body i n e r t i a l   o r i e n t a t i o n  Euler angles  in  the  p i tch-  
yaw-roll  sequence and the att i tude errors sensed by the control system 
displacement a r o s ,  an in t eg ra l  expres s ion  fo r  t he  ro l l  ( 43 ) 2nd yaw ( f' ), 
a t t i t u d e s   i n  terns of   the  his tory of r o l l  ( ) and Yaw ( ) e r r o r s  
vs. p i t c h  a t t i t u d e  ( 8 ) was derived, as shown in  equzt ions  (1) through ( 9 )  
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of paragraph 5.1.1.1. The p a r t  of t h e  E u l e r  angle response not attr ibutable 
t o  the instantaneous gyro e r r o r  is di rec t ly  propor t iona l  to  the  d i f fe rence  
bettreen t h e  a c t u a l  p i t c h  rate ( Q ) and the r o l l  o r  yaw compensation gain 
p i t c h  rate ( Qcp or  Qca ). The e f f e c t  of compensation gain is therefore  
l i n e a r  and complete compensation corresponds t o   t h e  case where r o l l  and yaw 
Euler angles are e q u a l  t o  roll and yaw gyro errors. h e n   t h e  gyro e r r o r s  are 
set   at  zero,  the roll and yaw E u l e r  angles a t  one p'ltch a t t i tude  propagate  
t o  the values  a t  another  p i tch  a t t i tude  accord ing  to  equat ions  (14), which 
were derived from equations ( 9 ) .  
In  equat ions ( 9 )  t h e  uncompensated e r r o r   i n  E u l e r  angles  for  a 
small p i t c h   a t t i t u d e  change becomes: 
 SO equivalent   to   represent ing Q = - YJ and A4 
d e  cie The 
at t i tude  response o f  the   vehic le  may be described i n  a p l o t  of vs. €3, 
o r   t h e   t r a c e  made on the surface of a sphere by the nose of the vehicle i n  
response t o  roll and yaw'disturbances during a commanded p i t c h  rate. The 
geometry involved i s  i l l u s t r a t e d  i n  F i g u r e  2. An i n i t i a l  roll zngle becones 
a yaw angle and an i n i t i a l  yaw angle becomes a roll angle after 90 degrees of 
p i t c h  as seen i n   t h i s  diagram. 
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5.1.1.1. EULER ANOLE Q , W  RESPONSE T O  C O N T R O L  ERROR Cp,. Y e  
EUL€P ANGLE RATES \N P.Y, R S Y S T E M  : 
Q = P - Q Y  
? = R t Q @  
O l S P L A C E M E N T  GYRO ERROR RATES : 
(De 5 P- Q, Ye 
= RtQ,,o>, 
@ = Q t Q , , Y , - Q Y  
i t . l= Ue- Q, Q-TQCP 
d u  du d o  Q du. IF - -  
dt de d t  do 
"- - - 
rF s= - d -  
d e  
' THE L A P L A C €  O P E R A T O R ,  
(S2Tl)CD = (s't-) Q c ,  CPe - (1- - Q C P )  S Y, 
(Stl) Y = ( S T  Q=) Ye -t (1- - Q-) s Qe 
Q Q 
Q Q 
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5.1.2 Behavior  P edicted From Analytical  Expressions 
The behavior observed i n  digital so lu t ion  of t h e  complete 
vehicle equations of motion may be predicted from the simplified concepts 
presented previously. When a yawing moment is appl ied,  the vehicle  seeks 
an equilibrium yaw gyro e r r o r ,  as shown in  F igu re  3. If t h i s  e r r o r  i s  
held as the vehicle  pi tches  through a given increment, a r o l l  angle will 
bu i ld  up (equation 9) along with a snlall decrease i n  yaw angle. When t h e  
yawing moment i s  removed the constant  gyro error  w i l l  be removed,leaving 
the vehicle  with a ro l l  Euler  angle  and  a s l i g h t  yaw angle i n  oppos i t ion  to  
t h e   i n i t i a l  yaw angle as shown i n  Figure 3b. Fur ther  p i tch  occurs  in  a 
skewed plane,  causing the yaw angle t o  increase  in  the  d i rec t ion  oppos ing  
t h e   i n i t i a l   e r r o r .  
In   the   p resence  of a r o l l   e r r o r  caused by a r o l l i n g  moment, t he  
yaw Euler angle  e r ror  builds up due t o   p i t c h  rate a p p l i e d   i n  a skewed plane. 
When t h e  r o l l i n g  moment and r o l l   e r r o r  are removed, t he  p i t ch  p l ane  i s  
reoriented such that fu r the r   p i t ch   occu r s  a t  a yaw Euler angle which remains 
f a i r ly  cons t an t  a t  the  va lue  ex is t ing  a t  r o l l  moment removal. 
The vehic le  th rus t  vec tor  i s  pointed by the att i tude motions 
previously  described. A component of veloci ty ,  ; A t  b F p  y g i s  
built Q normal t o   t h e   d e s i r e d   p i t c h   p l a n e  whenever longi tudina l   ecce le ra t ion  
occurs  with a yaw Euler angle   r ror  A f o r  a length  of time At . 
During  any time in te rva l  the  vehic le  ve loc i ty  increment  A V  and an increment 
i n  pi tch  angle  A @ C  wil be commanded by   t he   p i t ch  programmer. The 
velocity vector diagrams corresponding to the yaw E u l e r  angle  var ia t ion with 
p i tch  angle  wil then appear as shown i n  Figure 3. 
' 3  
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On Scout   the first s tage programmed p i t c h  angle is four times 
greater  than that of the second stage. The first stage r o l l  Euler angle 
s e n s i t i v i t y  t o  yaw disturbance is therefore  four  times grea te r  t h a n  t h a t   o f  
t h e  second stage. The vehicle velocity added following stage burnout is 
also s ign i f i can t  from the s tandpoint  of  propagat ing the effects  of  dis turbances 
that  occur  during s tage boost .  Twice as much ve loc i ty  i s  added a f t e r  f irst  
stage burnout than after second stage burnout so first stage propagated 
e r ro r s  are signif icant ly  greater  than errors  propagated from similar 
second stage disturbances. 
I n  the case of  a first s tage yaw disturbance the propagated out- 
of-plane error is much larger  than the i n i t i a l  e r r o r  and of opposite sign 
(Figure 3).  (Initial e r r o r s  are those generated during the period of a 
disturbance). Therefore r o l l  compensation  which removes t h e  propagated 
e r ror  on ly  will reduce the final er ror .  The propagated out-of-plane error 
following an  upper stage disturbance also oFposes t h e  i n i t i a l  e r r o r  b u t  
is much s m a l l e r  t h z n  t h e  i n i t i a l  error. Removal of t h i s  propagated error 
by r o l l  compensat ion increases  the f inal  f l ight  path error .  
I n  the case of  rol l  dis turbances,  t h e  i n i t i a l  e r r o r  affects 
th rus t  vec to r  po in t ing  ve ry  l i t t l e ,  The propagated out-of-plane error is 
t he  major par.t of the final e r r o r  and is i n  the  same di rec t ion  as t h e   i n i t i a l  
error.  Therefore yaw compensation reduces t r a j e c t o r y  e r r o r s  due t o  roll 
disturbances occurring during operation of a l l  stages.  
5-1.3 Effec t  of Roll-Yaw Coqensat ion on Dynamic S t a b i l i t y :  Roots 
of Characterist ic Equation 
The l inear ized  roll, yaw and side force equations were so lved  for  
t he  system characteristic equation wing an ideal no-lag control system i n  
paragraph 5.1.3.1. Dyrmnic S t a b i l i t y  r o o t s  were found using the first s tage 
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fl ight parameters a t  t = 30 sec. used in the analog computer study. The 
roll and yaw r i g i d  body roots  were found t o  change by negl igible  
amounts as the  command p i t ch  rate was increased from zero to 0.1 rad/sec. 
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5.2 Simulation  Results 
Analog and digital simulations have been performed t o  show the  
results of the   addi t ion  of Roll and Yaw Compensation t o   t h e  Scout launch 
vehicle. The analog simulation considers the possible inaccuracies 
resu l t ing  f r o m  the  addi t ion  of compensation, i.e., d r i f t  and gain error ,  
and determines the design requirements for the compensation circuitry. 
Also cer tain interfaces  such as the effect  of  the addi t ion of  compensation 
on the  hydrogen peroxide propellant consumption as well as the   e f f ec t  on 
veh ic l e  s t ab i l i t y  a re  inc luded  in  the  s imula t ion .  The d ig i ta l  s imula t ion  
i s  pr imar i ly  t ra jec tory  runs with and without compensation, t o  show the  
improvements i n  the vehicle inclination accuracy. 
5.2.1 Analog Study 
The analog simulation was s e t  up using a f ive degree of freedom, 
l inear ,  f ixed coeff ic ient ,  r igid vehicle .  Figures  4 through 6 and  Table 1 
present the equations and values used. Flight conditions assumed were f o r  
the  first stage a t  30 seconds after launch and fo r  t he  th i rd  s t age  du r ing  
coast. Pitch-Yaw-Roll E u l e r  angles were compared with gyrc a t t i t u d e  
errors  with and without r o l l   o r  yaw compensation. P i tch  program rates were 
varied from 0.55'/sec t o  5.5'/sec wi th  f l igh t  pa th  curva ture  a rb i t ra r i ly  
set t o  match these rates, A step sidewind and s tep  xol l ing  moment disturbance 
were used.  Typical  responses are shown i n  f i g w e s  7 and 8. The yaw Euler 
angle due t o  roll disturbance and the roll E u l e r  angle due t o  yaw disturbance 
w e r e  found t o  agree with approximate analytical expressions without 
compensation and were reduced t o  zero by compensation. As predicted by 
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WITHOUT  ROLL & YAW COMPENSATION WITH ROLL & YAW COMPENSATION 
Scout F i r s t  S t a g e  a t  t = 30 sec 
Response t o  s idewind ( = -4.10) 
P i t c h  R a t e  Command = -2.2 deg/sec ( 4 x nominal)  
E u l e r  A n g l e  R o t a t i o n  Sequence:  Pitch-Yaw-Roll 
FIGURE 7 
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WITHOUT ROLL & YAW COMPENSATION WITH ROLL & YAW COMPENSATION 
Scout First Stage at t = 30 sec 
Response to 1,200 ft-lb Roll Moment 
Pitch  Rate  Command = -2.2 deg/sec ( 4 x nominal) 
Euler Angle  Rotation  Sequence: Pitch-Yaw-Roll 
FIGURE 8 
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simplified expressions the effect  of compensation gain was found t o  be 
l i n e a r   i n   e f f e c t .  
Compensation had no noticeable effect on s h o r t   p e r i o d   s t a b i l i t y ,  
although it introduces a long period mode corresponding t o  a s inusoidal  
v a r i a t i o n  at commanded pitch angular frequency as predicted for  the geometr ic  
var ia t ion   o f  yaw E u l e r  angle   wi th   p i tch   a t t i tude .  
The t h i r d   s t a g e   p i t c h  maneuver was simulated using six on-off jets 
with  roll-yaw  mixing. The response character is t ics  are shown in  F igu re  9. 
Random cycling of t h e   f o u r   r o l l  je ts  occurred with or  without  the pi tch 
rate command. No difference between  gyro errors  and Euler angle  e r rors  
could be seen ei ther  with or  without  compensat ion indicat ing that  random 
excursions i n   r o l l   o r  yaw during cycling averaged out causing negligible 
d r i f t   i n  Euler angles. The character  of  the random lateral motion was 
not changed by p i t c h  rate commands of e i t h e r  2 degrees/sec o r  4 degrees/ 
second, the approximate limit allowed by the 2 lb.  p i t c h  motors without 
exceeding the loo p i t c h  limit. 
5.2.2 D i g i t a l  Computer Study 
S e n s i t i v i t i e s   t o  9s west wind, 0.25' lateral thrust misalignment 
and 3 6 roll disturbance have been found. using 6 degrees of freedom i n  
t h e  first s t a g e ,  r e v e r t i n g  t o  3 degrees of freedom at the  p rope r  a t t i t ude  in 
t h e  upper stages. The conventional yaw-pitch-roll E u e r  angle  system dis tor ts  
these results relat ive to  s implif ied analysis .  Conversion to  the pi tch-yaw- 
r o l l  system i n  which t h e  yaw and roll angles are always smal l  provides results 
consistent with the andog study. This conversion i s  i l l u s t r a t e d  i n  f i g u r e  2. 
Pitch dis turbances were found t o  have l i t t l e  e f f ec t  on roll-yaw compensation. 
The effect  of omitt ing compensation for the first program s t e p  and f o r   t h e  
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SCOUT THIRD-STAGE  COAST  CONTROL  OPERATION 
Dur ing   P i t ch   Ra te  Command = -2 deg/dec 
W i t h  R o l l  E Yaw Compensation 
Eu le r  Ang le  Ro ta t i on  Sequence: Pitch-Yaw-Roll  
FIGURE 9 
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first two program s t eps  was also found. The major contributions occur 
between 8 and 35 seconds f l i g h t  time. The wind disturbance is under- 
compensated by about 1 6  while the yaw thrust misalignment i s  over-compensated 
by 1 9  i n  f i n a l  i n c l i n a t i o n  a n g l e .  The r o l l  disturbance was compensated 
t o  1.6. 
502.3 Trajectory  Simulation 
A s tudy   t o   de t e rmine   t he   e f f ec t s   o f   i nco rpora t ing   ro l l  and yaw 
compensation into the Scout vehicle guidance system has been completed 
and the results are p r e s e n t e d  i n  t h i s  r e p o r t .  A similar analysis  was 
presented in Reference (1); however, it considered only roll compensation i n  
t h e  first stage. The purpose of rol l  and yaw compensation, which i s  an 
addition to the present Scout guidance system, i s  t o  improve Scout o r b i t a l  
inclination accuracy. 
T h i s  analysis  vas performed f o r  a 600 n.mi. c i r c u l a r   p o l a r  
o r b i t  developed using the current Scout configuration which cons i s t s  o f  t he  
Algol IIB/Castor II/X-259/FW-kS rocket motor and a 34-inch diameter, 
-25 inch nose s ta t ion heatshield.  
Simulation of the Scout guidance system with r o l l  and yaw compen- 
sa t ion  was performed using the six degree-of-freedom computer routine 
described in Reference (2).  A nominal t r a j e c t o r y  was developed f o r  a 600 n.mi. 
circular po la r   o rb i t   u s ing   s ix  degrees-of-freedom during operation of the 
first three stages and three degrees-of-freedom during fourth stage operation. 
The s ix  degree-of-freedom simulation i n   t h e  upper stages require simulation of 
the operat ion of  the react ion control  system. In order  to  act ivate  the 
react ion controls  and establ ish a l imit  cycle during second and third stage 
operation impulsive disturbances i n  all th ree  axes were incorporated at ign i t ion  
of these stages.  These disturbances are a r b i t r a r y  and t h e i r  only purpose 
I s  t o   a c t i v a t e   t h e   r e a c t i o n   c o n t r o l   s y s t e m s   t o  simulate the  mode of operation 
that is assumed i n  developing a final. f l i g h t   t r a j e c t o r y   f o r  a spec i f i c  
vehicle.  This mode of opera t ion ,  for  f i n a l  f l i g h t  t r a j e c t o r i e s ,  i s  t o  
simulate t h e  first s tage as a r i g i d  body i n   s i x  degrees-of-freedom and 
the qpper stages as a point  mass, i.e., three degrees-of-freedom. Si’mulation 
of t h e  upper stage i n  three degrees-of-freedom assumes tha t :  (a)  any a t t i t u d e  
errors sensed by the guidance system wlll be completely eliminated ins tan tan-  
eously a t  s tage  ign i t ion  and (b) the guidance program will be perfect ly  
flown i n  these s tages .  This  implies  then that  errors  from the  f i r s t  s tage 
and/or the disturbance a t  ign i t i on  will be adequate t o  a c t i v a t e  t h e  r e a c t i o n  
control systems and the  veh ic l e  a t t i t ude  will o s c i l l a t e  between the respect ive 
deadbands maintaining, on an average,  the desired at t i tude his tory.  
The incorporation of roll and yaw compensation into the Scout  
guidance system essentially amounts t o  adding feedback loops to  to rque  the  
r o l l  and yaw displacement gyros at a rate determined by the product of the 
commanded p i t c h  rate and the  yaw and r o l l  displacement error, respectively. 
5.2.3.1 Analysis 
The s igni f icant  e r ror  sources  which produce inc l ina t ion  e r ro r s ,  
considered in  t h i s  a n a l y s i s ,  a r e  l i s t e d  i n  Table 11. 
The wind profile,  guidance system errors,  stage one th rus t  
misalignment, stage two and t h r e e  r o l l  deadbands ayd fourth s tage t ip-off  
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are presented and discussed in Reference (3 ) .  A value of  t ip-off  of 1.5 
degrees was c o n s i d e r e d  i n  t h i s  s t u w .  F i r s t  s t a g e  roll disturbances are 
presented i.n Reference (4). The mean value, .from Reference (4)  which shows 
a right rol l  bias and produces a lef t  i n c l i n a t i o n  bias, is independent 
of the s tandard deviat ion and m u s t  be considered separately. An inter im 
f i x ,  on S-150 and sub, f o r   t h i s  bias uses cork on t h e  f i n s  t o  p r e v e n t  
thermal  expansion. It is stated in   Sec t ion  5.3 t h a t   t h e  Roll-Yaw 
Compensation networks considered exh ib i t  no d r i f t  and none i s  shown. 
These e r ror  sources  (Table 11) were separately incorporated 
i n t o   t h e  nominal t r a j ec to ry  to  de t e rmine  the  inc l ina t ion  dev ia t ion  tha t  each  
produces. The r e su l t i ng  dev ia t ion  in  inc l ina t ion  due t o  t h e  i n d i v i d u a l  error 
sources i s  presented i n  Table 11. This procedure was repeated for each 
er ror  source  wi th  ro l l  and  yaw compensation incorporated t o  determine i t s  
effectiveness in reducing  the  inc l ina t ion  devia t ion  due t o   t h e s e  error sources. 
The results are presented  in  the  second column of Table 11. It can be seen 
that a s igni f icant  decrease  in inc l ina t ion  devia t ion  was obtained for  all of 
t h e  error sources with the exceptions of the guidance system errors and 
second and third s tage thrust  misal ignment .  The i n c r e a s e  i n  t h e  i n c l i n a t i o n  
deviation f r o m  t hese  lat ter error sources i s  due t o  roll  compensation 
e l imina t ing  the  induced  ro l l  e r ror ,  which was inherently compensating. 
This can best be c l a r i f i e d  by considering i n   d e t a i l   t h e  effect 
of one of t h e  latter error  sources .  For  example a t h ree  sigma yaw t h r u s t  
misalignment in  the  upper  s tages ,  where the reaction control system maintains 
t h e  desired yaw a t t i t ude  wi th in  f ixed  to l e rances  o r  deadbands, will force 
t h e   v e h i c l e   t o   f l y J  on the average, with a yaw e r r o r  equal t o   t h e  deadband 
value. Thus t h e  t h r u s t  v e c t o r  will not  be pointed along the veloci ty  vector ,  
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the   desired  condi t ion,   but  w i l l  be pointed off by an amount equal t o  t h e  
deadband less the thrust  misalignment.  This is  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  
sketch. 
r - - - - -  -/ 
The dashed l i n e s  show the conditions with no thrust misalignment. The 
thrus t  vec tor ,  body center l ine  and  ve loc i ty  vec tor  are all I n   t h e  same 
direct ion.  The s o l i d  l i n e s  show the .condi t ions that  exis t  with a t h r u s t  
misalignment forcing the centerline against  the yaw deadband. With t h e  
vehic le  th rus t ing  i n  the  d i r ec t ion  shown, a lateral component of ve loc i ty  
wil be developed changing the   t o t a l   ve loc i ty   vec to r   d i r ec t ion ,   o r   az imuth ,  
which propagates  into an incl inat ion error .  Succeeding s tages  if they 
t h r u s t   i n  the nominal d i r ec t ion  will reduce the azimuth, and corresponding 
inc l ina t ion  e r ro r ,  bu t  w i l l  not completely eliminate it. 
A second, more s u b t l e   e f f e c t  of f l y i n g   t h e  deadband i s  t h a t  a 
r o l l  e r r o r  i s  induced due t o  a p i t c h  rate act ing while  the vehicle  i s  aga ins t  
t h e  yaw deadband. This  induced  ro l l  e r ror  i s  i n   t h e  same d i r ec t ion  as the  
l a t e ra l , ve loc i ty ,  i.e., a v e l o c i t y   t o   t h e  l e f t  corresponds t o  an induced 
ro l l  t o   t h e  left.. This induced roll error w i l l  result i n  succeeding stages 
be ing  p i tched  in  a plane skewed t o   t h e  right. Thus, t h e  roll e r r o r  t h a t  i s  
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induced when t h e   l a t e r a l   v e l o c i t y  i s  developed provides an inherent tendency 
t o  reduce the effect of t h i s  lateral velocity.  Roll compensation i n  t h e  
upper  s tages  e l iminates  this  induced rol l  error  and hence the  co r rec t ion  fo r  
t h e   e f f e c t  of l a t e r a l   v e l o c i t y   t h a t  it p rov ided   r e su l t i ng   i n  a l a rge r  
incl inat ion deviat ion.  The fol lowing veloci ty  vector  diagram i l lustrates  the 
two e f f e c t s  of a second stage thrust misalignment. 
Roll  compensation resu l t s  in  the  th i rd  s tage  ve loc i ty  increment  be ing  added 
in  the  p red ic t ed  d i r ec t ion .  Without r o l l  compensation, the third stzge 
velocity increment i s  s h i f t e d   s l i g h t l y   t o   t h e   r i g h t  of predicted due t o  
pitching with the induced roll l e f t  e r r o r .  The fourth s tage will a c t  i n  a 
similar manner, assuming no disturbances, and provide more of a correction. 
This exarnple i s  applicable f o r  both second and t h i r d   s t a g e  
thrust misalignments, Although more correction i s  rea l i zed  fo r  second stage 
e r rors  s ince  thrus t ing  of subsequent stages contributes a reduction. The 
e f f e c t  of roll compensation on guidance system e r ro r s  i s  similar t o  a t h r u s t  
misalignment. 
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The velocity vector diagram also a p p l i e s   t o  any first stage 
e r ror   source  which produces yaw a t t i tude   e r rors ,   such  as yaw t h r u s t   d s a l i g n -  
ment and winds. However, i f  the  e r ror  source  i s  i n  t h e  first s tage,  the 
vehicle  wil over-compensate without roll compensation due to  the  inc reased  
angle through which the vehicle  pi tches .  The first stage pitches through 
about 40 degrees and the second stage pitches through about 10 degrees. 
Thus, t h e  more the vehicle  pi tches  i n  a skewed plane, as shown above, the  
fu r the r  t he  ve loc i ty  vec to r  w i l l  move to  the  r lgh t .  The re fo re ,  roll 
compensation i n   t h e  f irst  s tage  w i l l  decrease the incl inat ion error .  
Even though inclination error i s  not reduced by r o l l  compensation 
i n  the  second and th i rd  s t ages ,  it i s  reduced by yaw compensation. If 
the vehicle remains on t h e   r o l l  deadband during stage operation, a yaw 
a t t i t u d e  e r r o r  will be induced. Yaw Compensation will remove t h i s  e r r o r  
and the vehicle  will p i t ch   In   t he   i n t ended  guidance plane but with a roll 
er ro r .  Th i s  ro l l  e r ro r  will not produce an i nc l ina t ion  e r ro r  as long as 
the induced yaw a t t i t u d e  e r r o r  i s  corrected. However, without yaw compensation 
the vehicle  will p i t c h  i n  a skewed plane,  since the yaw e r r o r  i s  not 
corrected,  and a velocity vector heading error will r e su l t .  T h i s  e r r o r  
w i l l  propagate t o  i n j e c t i o n  and produce an inc l ina t ion  e r ror .  The only 
disadvantage t o  yaw compensation i n   t h e  upper stages i s  a s l i g h t  i n c r e a s e  i n  
the incl inat ion deviat ion produced by the  f i r s t  s tage roll bias  due t o  
overcompensation. However, t h i s  increase is qui te  small compared t o  t h e  
decrease i n  inc l ina t ion  devia t ion  due t o   r o l l  deadband that I s  rea l ized  
with yaw compensation. 
The inc l ina t ion  devia t ions  wi thout  ro l l  compensation and without 
roll and yaw compensation i n   t h e  upper stages are presented i n  Table 11. 
43 
1 1 1  I I I I  I I1 I1 I 1  11111 I1 I11111111111 1111 
5.2.3.2 Results 
The results of  th i s  ana lys i s  are summarized i n  Table I1 which 
sfiows the   p red ic t ed   t h ree  sigma inc l ina t ion   dev ia t ions   fo r   t he  first th ree  
s tages  and f o r  all four stages assuming a t i p  o f f  o f  1.5 degrees. The 
e f fec t  o f  the  first s tage  roll bias  i s  added d i r e c t l y   t o   t h e   t h r e e  sigma 
inc l ina t ion  devia t ion  due t o  all other  e r ror  sources ,  which i s  obtained 
by root-sum-squaring the individual deviations. Roll and yaw compensation 
reduces the three sigma deviation due t o   t h e  first three  s tages  from 
0.799 t o  0.37 degrees or approximately 60 percent  and the bias  from -0.139 
t o  “0.034 degrees. If r o l l  compensation i s  eliminated from the upper stages,  
t he  th ree  sigma value i s  reduced from 0.799 t o  0.275 degrees or approximately 
65 percent with the same reduction i n  t he  b i a s  as before. Eliminating both 
r o l l  and yaw compensation from the upper stages provides a reduction i n  
t he  th ree  sigma inc l ina t ion  of s l i g h t l y  less than 60 percent  but  the roll 
b ias  i s  fu r the r  r educed  to  i-O.005 degrees. 
The preceding shows the  r e l a t ive  ga in  f r o m  r o l l  and yaw compen- 
sa t ion  s ince  it compensates fo r  e r ro r s  du r ing  the  f irst  three stages only.  
However, the  e f fec t  cons ider ing  a l l  four stages cannot be neglected.  The 
three  si- and to t a l  ( i nc lud ing  b i a s )  i nc l ina t ion  dev ia t ions ,  assuming a 
t i p  o f f  o f  1.5 degrees, i s  presented on the lower portion of Table 11. The 
inc l ina t ion  devia t ion  due t o   t i p   o f f  i s  about the same, 0.705 degrees, as 
the  to td .  dev ia t ion  o f  t he  first three s tages ,  0.799 degrees. These combine 
t o  produce a th ree  sigma value of 1.065 degrees  to  which the  roll bias ,  -0.139 
degrees, i s  aaded to  ob ta in  the  to t a l  dev ia t ion .  It i s  well t o  n o t e  a t  
t h i s  po in t  t ha t  t he  p red ic t ed  fou r - s t age ,  t h ree  sigma deviat ion and b ia s  do 
not agree with the values obtained from flight experience as evidenced by the 
following comparison. 
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Predic ted   F l igh t  Data 
3 stepla hi - deg. 1.07 1.34 
B i a s  o r  mean - deg -0 14 -0.08 
Values f o r  flight data were obtained from the results of 25 flights from 
t h e  mean and three sigma value of the azimuth deviations and applying a 
s e n s i t i v i t y  c o e f f i c i e n t ,  & , of 0.975 t o  o b t a i n  an estimate of t h e  equiva- 
l e n t  p o l a r  o r b i t  i n c l i n a t i o n  d e v i a t i o n .  The f l i g h t  data shows  some ind ica t ion  
t h a t   t h e  3 Q- i nc l ina t ion  dev ia t ion  due t o  f o u r t h  s t a g e  t i p  o f f  results from 
a t i p  of f  angle  grea te r  than  the  1.5' considered i n  t h i s  a n a l y s i s .  The 
remaining difference between the predicted and observed values result ing 
from t he  first th ree  s t ages  has not been accounted f o r  t o  date; however, 
i f  it or ig ina te s  from the operat ion of t h e  first three s tages  and i s  not 
within the guidance system, it will be reduced with the incorporation of 
r o l l  and yaw compensation. 
bC 
Consider ing the predicted three sigma value ,  ro l l  and  yaw 
compensation provides a reduct ion in  the incl inat ion deviat ion of  approximately 
2'7 percent. Without r o l l  compensation i n  t h e  upper stages,  the reduction 
IS approximately 29 percent and with no compensation in  the  upper  s tages ,  it 
IS again approximately 2'j' percent.  With compensation, t i p  o f f  i s  t h e  
predominant error and only large differences in  the contr ibut ion of t h e  
first three  s tages  will be r e f l e c t e d  i n  t h e  f i n a l  v a l u e .  The bias again 
adds  d i rec t ly  t o  t h e   t h r e e  sigma v a l u e s   t o   o b t a i n   t h e   t o t a l   i n c l i n a t i o n  
deviation. 
5.2.3.4 Conclusions 
Incorporating roll and yaw compensation i n t o  the Scout guidance 
system will reduce the predicted three sigma inc l ina t ion   devia t ion  of t h e  
first th ree   s t ages  by 65 percent   and   the   f ina l   devia t ion  by 29 percent. 
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TABLE I1 
INCLINATION DEVIATION DUE TO F'IFST THREE STAGES 
With Roll-Yaw With Roll Comp. i n  
compensation first stage only; With  Roll-Yaw 
With  no Roll o r  Yaw i n  first three yaw comp. i n  first Compensation 
3 Si- Error Source Compensation stages  three  stages 1st stage  only
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
A 
Q, 
Winds 
Stage 1 yaw thrust  misalignment 
Stage 1 r o l l  disturbance 
Guldance system error  (yaw) 
Stage 2 yaw thrust  misalignment 
Stage 2 r o l l  deadband 
Stage 3 yaw thrust  misalignment 
Stage 3 roll deadband 
R3S 
Inclination deviation due t o  
roll bias 
Total 3 cr deviation 4 deg 
3 6 deviation due t o  first three 
stages deg 
Fourth stage t i p  off 
(Assumed 1.5 deg) - deg 
3 6 deviation due t o  a l l  four 
stages - deg. 
Inclination  bias - deg. 
Total 3 6 deviation Y deg. 
Def3 
0.443 
0.261 
0.529 
0.164 
0.103 
0.168 
0.167 
0,Olg 
f 0.799 
- 0139 
+ 0.660 - 0.938 
0 799 
0.705 
5 1.065 - 0.139 
+ 0.926 - 1.204 
DW3 
0.068 
0.056 
0.028 
0.168 
0.166 
0.020 
0.189 
0.031 
?: 0.317 
+ .034 
+ 0.351 - 0.283 
0.37 
0 m705 
f 0.773 
+ 0.034 
+ 0.807 - 0.739 
Deg 
0.068 
0.056 
0.028 
0.168 
0 .lo3 
0.020 
0 . 167 
0.011 
f 0.275 
+ .034 
+ 0.309 - 0.241 
0 275 
0 705 
f 0.757 
+ 0.034 
+ 0.791 - 0.723 
Deg 
0,068 
0.056 
0.028 
0.168 
0.103 
0.168 
0 . 167 
0.019 
5 0.322 
+ ,005 
+ 0.327 - 0.317 
0 322 
0.705 
5 0.775 
+ 0.005 
+ 0.780 - 0.770 
Roll and yaw compensation provide a s ign i f i can t   dec rease   i n   t he  
inc l ina t ion   dev ia t ions  caused by errors  during first stage operation. Yaw 
compensation reduces the  inc l ina t ion  dev ia t ions  due t o  roll e r r o r   i n   t h e  
upper stages. R o l l  compensation increases the effects of yaw errors  and 
i s  therefore  not  desirable .  Thus, m a x i m u m  gains from roll and yaw compensation 
can be achieved with r o l l  cornpensation i n   t h e  first stage only and yaw 
compensation i n  all three s tages .  Further  reduct ion in  the predicted 
t o t a l   t h r e e  sigma incl inat ion deviat ion can only 'Le achieved by reducing 
t h e  f o u r t h  s t a g e  t i p  off. 
5.2.4 Propel lant  Consumption 
There i s  very l i t t l e  e f f e c t  of r o l l   o r  yaw compensation on 
propel lant  consumption. Theoretically pulses may be added a t  each time a 
gyro torquing rate changes. Using standoff errors equal t o  t h e  deadband 
and p i t c h  rate command of 1°/sec, t h e  second stage requires about .06 l b -  
seconds i n   r o l l   o r  about 1 lb-second i n  yaw per  pulse .  Assuming two such 
p u l s e s  i n  yaw due t o   r o l l   e r r o r  and four i n  roll due t o  yaw e r ro r ,  t he  
added impulse requirement i s  only 2.25 lb-seconds or l e s s  t h a n  0.1% of the  
propellant supply. "he th i rd  s tage  e r rors  requi re  about  10 percent of t h e  
second stage impulse values,  or 0.15 of the third s tage supply.  
5.2.5 Accuracy  Requirements 
The compensator hardware imperfections are e s s e n t i a l l y  e r r o r s  
i n  slope and in te rcept   o f   the   ou tput  Qcp used to d r i v e   t h e   r o l l  
t o rque r   o r  Qce a used t o   d r i v e   t h e  yaw torquer. The null e r r o r  is  
equivalent  to  an increased gyro dr i f t  rate, while the slope error i s  equiva- 
l e n t  t o  o v e r  o r  u n d e r  cocrpensating by the  s ta ted  to le rance .  S ince  the  e f fec t  
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of compensation on t r a j e c t o r y   e r r o r s  i s  l i n e a r   f o r  compensation from zero 
to i t s  nominal value, t h e  effect of gain tolerance i s  found by l i n e a r  
i n t e rpo la t ion  between compensated and uncompensated runs. 
Disturbancesapplied i n  the presence of 5 percent compensation 
ga in  e r rors  would result i n  an  addi t iona l  r.s.s. inc l ina t ion  e r ro r  o f  
about 0.044 degrees. This value i s  considerably smaller than several  other 
error sources and as such will not appreciably - increase   the  r.s.s. 'd 
inc l ina t ion  e r ro r  o f  t he  first three stages.  Therefore 'j percent would 
appear t o  be a reasonable gain tolerance requirement. 
5.3 Circui t   Analysis  
a. Programmed Gain Multiplier System - Schematics of two types 
of programmed gain multiplier systems considered for the Scout Roll and Yaw 
Compensation are given i n  f i g u r e s  m a n d 1 1  r e s p e c t i v e l y .  The system shown i n  
f igu re  10 provides increased capabili ty i f  required. The increased capabi l i ty  
achieved i n   t h i s   d e s i g n  i s  provision for obtaining roll-yaw compensation 
f o r  e i t h e r  p i t c h  up o r   p i t c h  down programmer signals. Automatic sensing, 
with contact less  switching to  condi t ion the Roll-Yaw Compensator co r rec t ly  
f o r  e i t h e r  mode  of Programer s ignals ,  i s  achieved i n  t h i s  d e s i g n .  The 
contact less  IGF'ETS- swi tches  in  the  gyro s igna l  input  s tage  are actuated 
by t h e  13V (+) o r  ( - )  Prograrrner voltage t o  select  the proper  phase of gryo 
error signal from the secondary winding of the gyro signal input transfom:er.  
The gyro s igna l  i s  r e q u i r e d   t o  be stepped down by the t ransformer to  achieve 
the  proper  opera t ing  leve l  for  the  IGFFT's. O n l y  one I G m  i s  actuated by 
t h e  P r o g r m e r  v o l t a g e  a t  a time. One IGFET i s  on for a (+) voltage and off 
f o r  a ( - )  voltage and vice versa.  Since tr2,nsfomer losses linit the  maximm 
inpendace obtaj.nable by i t s  tu rns  r a t io ,  t he  ou tpa t  of the t ramformer i s  fed 
* I n s u l a t e d  g a t e  f i e l d  e f f e c t  t r a n s i s t o r  
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FIGURE 10.- ROLL E YAY  COHPENSATION SCHEMTIC 
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NOTES 
2. Polar ized  capaci tors  are Sprague Type CS13. 
I .  Fixed  resistors  type RN60C (1%) unless noted. 
3. Potentiometers Bourns Type  3280L or equivalent. 
4. Nonpolarized  capacitors Spragye Type 1510 
except mica capacitors are Elemenco Type CM-15. 
/ I  
FIGURE 1.- SIMPLIFIED SYSTEM  ROLL & YAW  COMPENSATION. 
: I  
TPlR 0 Input SIG 
TPZR 0 Preamp OUT 
TP3R 0 Demod  OUT 
w 
i n t o  a high impedance i s o l a t i o n   a m p l i f i e r   t o   d e s i p   a g a i n s t  any   fur ther  
decrease i n  t h i s  i q e d n n c e  due t o  loading. The output  of  the isolat ion 
amplifier i s  fed i n t o  a high l e v e l  amplifier chosen t o   d r i v e   t h e   r e l a t i v e l y  
low input impedance dexodulator. This pre-amplifier and amplifier require 
15 VDC zener regulated power which i s  derived from the guidance 28V battery. 
A voltage gain of approximately 20 db from the gyro input to the demodulator 
input  i s  required by t h e  design. To achieve a zero off-set  required by t h e  
performance cha rac t e r i s t i c s ,  an IGFET demodulator was developed and tested 
f o r  the system. Test results proved excellent l inearity and no off-set ;  
a l though f inal  design components could not be used i n   t h e  test, bas ic  per for -  
mance c h a r a c t e r i s t i c s  were determined. The demodulator uses four N-channel 
IGFET's as isolated contactless switches.  Switching i s  achieved by t he  
400 HZ reference voltage.  An L-C smoothing f i l t e r  i s  used i n  t h e  demodulator 
ou tpu t  t o  r educe  r ipp le  vo l t age  to  l e s s  t han  3 percent. The demodulator 
i s  designed for 400 HZ input  signals of 0 - 1OV (p-p). The output  of  the 
demodulator i s  fed to  contact less  gain switching networks which con t ro l  
t h e  system gain  i n  d i s c r e t e  s t e p s  a c c o r d i n g  t o  the Scout Programxed p i t c h  
rate s ignals .  IGFET's are used in  the gain switching channels  to  achieve 
contactless switching. This  increased capabili ty system provides automatic 
sensing of the  Scout  P i tch  Programmer vol tage to  enable  the gain switching 
channels t o  f u n c t i o n  on e i t h e r  a (+) o r  ( - )  Programmer voltage signal. 
The gain channels use a b i p o l a r   t r a n s i s t o r   i n v e r t e r   s t a g e  and diode logic 
t o  steer the  proper  ga t ing  s igna l  to  each  IGFET in  the  ga in  swi tch ing  
channels. Only one gain switch i n  each channel (Roll-Yaw and Yaw-Roll) 
is on f o r  any  given  pitch Programmer s ignal .  
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The system shown i n   f i g u r e l l h a s  performance character is t ics  
which limit i t s  operation t o   p i t c h  down Programmer signals only.  Further,  
t h e  dynamic range of  operat ion for  this  system i s  0.06 t o  4.0 degrees per 
second pitch programmed signals ,  which i s  consistent with actual f l i g h t  . 
requirements, whereas the increased capabi l i ty  system was designed f o r  0.03 
t o  10 degrees  per  second p i tch  progrmed s igna ls .  Decrease  in  the  dynamic 
range of operation as well as elimination of response t o  p i t c h  up programmer 
s igna ls  permi t ted  de le t ion  of  the  fo l lowing  c i rcu i t s :  
Phase switching circuit  a t  gyro input  
I s o l a t i o n  amplifier c i r c u i t  
Gain swi tch ing  channel  inver te rs  and  log ic  c i rcu i t s .  
The perfommce and operat ion of th i s  sys tem is  similar t o   t h e  
system previously described except it operates  properly only for  pi tch down 
prograrmer signals and over the lower dynamic range given above. O f  course, 
cos t  of design and fabrication of the simple system is  reduced and r e l i a b i l i t y  
is increased with respect t o   t h e  more complex Roll-Yaw Compensation system. 
b. Pre-amplifier - The gyro signal pre-amplifier i s  a four 
stage direct coupled semi-conductor anrplifier with a medium input  impedance 
and a low (emitter follower) output impedance. The unit i s  avai lable  
i n  a hybrid thin-film construction from Sprague Electric Company. Whereas 
the  bas i c  amplifier module i s  satisfactory,  better performance can be 
achieved for  this  appl icat ion with minor modifications. These modifications 
consisf, of reduced bandwidth, higher input impedance, and connections for 
an external gain change potentiometer. The schematic of the pre-amplifier 
i s  shown in f igureU).  The e l e c t r i c a l  c h a r a c t e r i s t i c s  are given i n  TableII.1. 
The input potentiometer,  resistor,  and capacitor network t o   t h e  amplifier 
provide proper impedance match, gain control and high frequency fi l tering 
f o r   t h e  gyro signal input. 
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TABLE I11 
PHE-AMPLIFIER ELECTIIICAL CiflRAmIIISTICS 
.~ . 
Parameter 
Voltage gain 
Voltage gain s tabi l i ty  
Bandwidth 
Output a t  1 KHz 
Input Z 
output z 
Input  noise  vol ts  
Pur d i s s ipa t ion  
Power supply 
Temperature 
Temperature 
* Desired change 
Min 
39 
-
” 
11 
25 
” 
” 
12 
-55 
-55 
Max 
41 
- 
20.008 
50 
50 
” 
” 
15 
90 
80 
18 
+lo0 
+125 
Units/Remarks 
db 
db/OC 
HZ (low) 
MHz (h i&)  * 
Volts (p-p) undistorted 
Kohms . * midband 
Ohms 
VRErj open ckt 
mW quiescent 
v o l t s  
OC operating 
OC storage 
(1) bandwidth 40 HZ t o  40 KHz 
(2) input  z 150 KOIXUS 
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C .  DC Power Supply - The Scout 28VDC guidance battery is used 
as the primary power source  for  the  Roll-Yaw Compensator shown i n  figure 10, 
F i l t e r i n g  of the source t ransients  and noise  vol tages  is achieved by the 
R-C networks which preceded the zener  regulator .  The zener regulator 
provides regulation of the DC bias required by the pre-amplifier.  The 
power supply design i s  based on 25 percent regulation a t  l5VDC and 30 ma 
to t a l  l oad  cu r ren t .  The minimum bat tery vol tage of 24 VDC sets t h e  minimum 
zener current requirements for a f i x e d   t o t a l  series re s i s t ance  and 30 ma 
load current ,  Similar ly  the maximum bet te ry  vol tage  of  32 VDC determines 
t h e  maximum zener current requirements. The series r e s i s t o r s  are selected 
as follows: 
With t h e   t o t a l  series resistance determined for the minimum bat tery vol tage,  
! t h e  m a x i m u m  zener current, zener power and r e s i s t o r  power r a t ings  may be 
determined from (3) using the m a x i m u m  ba t te ry  vol tage  of 32VDC. Performing 
these operat ions the m a x i m u m  zener current i s  approximately 84 ma, maximum 
res i s tor  wat tage  ra t ing  i s  2.9 watts ,  mxinum zener dissipation i s  1.26 watts, 
Based on these  r e su l t s  and the temperature range of operat ion f ive watt 
r e s i s t o r s  and t e n  watt zeners are chosen. 
I 
d. IGF’ET Denodulator - The demodulator schematic i s  @veri i n  
figure 12. The denoddator  i s  designed for zero off set  voltage with no 
input signal.  This i s  achieved by us ing  the  in su la t ed  ga te  f i e ld  e f f ec t  
t r a n s i s t o r  which isolates  the reference switching vol tage from the  siglal 
volta&e, and by the absence of junction voltages in the IGI?JZ” as opposed 
t o  bipdar  t r a n s i s t o r s .  
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I 
The demodulator is designed t o  supply 3.5 ma DC t o   t h e  gyro 
torquer.  The requirements of t h e  demodulator are given approximte ly  as 
follows. 
where : Q, = DC resis tance of LI 
Qc = DC resis tance of IGFET'S 
Eo = DC Voltage  across 9, 
QL = Load resis tance 
E,, = T1  secondary m i m u m  AC voltage 
1, = DC current  through RL 
From equation (1) t h e  maximum input signal is determined which satisfies 
the load requirements.  Substi tuting the worst  case conditions for t h e  
parameters : 
P C  = 
Qc = 
PL = 
s o  = 
Eo = 
Using these values 
2a 
300 ohms 
400 ohms 
3.5 X 10-3 amps 
1.4 
Ern = 3.4V. With t h e  t u r n s  r a t i o  of T1 set  t o  1:1:1 
t he  minimum input signal requirement is 3.2VAC mzximwn. The demodulator 
L-C f i l t e r  is designed t o  reduce the ripple voltage from the demodulator 
t o  less than 3 percent RMS which i s  determined from the relation: 
where: ec = ripple voltage 
Eo = 0.7 VDC 
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Figure13g ives  the  IGF’IPI! demodulator s ta t ic  response  charac te r i s t ics  us ing  
a step-up  input  transformer  (1:2: 2), a R-C f i l t e r  and a 9, of 47K ohms. 
This test was required to be performed with available components t o   v e r i f y  
l i n e a r i t y  a d  zero off-set  design requirements imposed on the demodulator. 
e. Gain Change Switch - The schematic of the gain change 
switch is  given in  f igure10.  Contact less  switching using an insu la ted  gate 
f i e l d  e f f e c t  t r a n s i s t o r  (IGFEC), is  used for each gain switch. Each gain 
change IGF‘ET i s  actuated by the  Scout   Intervalometer   pi tch program switch 
contac ts  accord ing  to  a preset  gain program. Each IGFET i n   t h e  Roll-Yaw 
Compensation in   t u rn   swi t ches   i n   t he   p rope r   ga in   r e s i s to r s  which are prese t .  
The preset  gain resis tors  determine the gain of the  Roll-Yaw Compensation 
channels. The sequenced I G F E T  switch gains  provide rol l  and yak gyro 
torquer  rates of 0.0105 t o  0.698 degrees per second f o r   p i t c h  program r a t e s  
of 0.06 t o  4.0 degrees  per  second. This requires the IGFEI! gain switch 
channels to cover a resistance range of 1.54K t o  102.4K ohms f o r  a gyro torquer  
current range of 0.0459 t o  3.05 DC milliamperes. Each IGFET gain channel 
is designed t o  use a f ixed   p rec i s ion   r e s i s to r   fo r   coa r se   ga in  and a 
multi turn tr imming potentiometer for fine gain presett ing.  The I G F E T  
exhibits approximately 200 ohms on-resistance and (10)7 ohms off-resis tance.  
Res is tance  var ia t ion  of  the  I G F E T  through the design temperature range is  
within +1C$ of i t s  design center value a t  35OC. Since t h i s  resistance 
var ia t ion  cont r ibu tes  maxim gain   e r ro r  when the  ga in  prese t  res i s tors  
are a t  a minimum v a l u e   t h i s   t o t a l   r e s i s t a n c e   v a r i a t i o n  is  requ i r ed   t o  
determine the m a x i m u m  ga in  e r ror  which occurs.  For this condition the 
f ixed   r e s i s to r s  and potentiometer contribute less than a 0.1% e r r o r  and 
are neglected. The total  resis tance of  the f ixed resis tors  and potent iometer  
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f o r  the worst case condition i s  very near 800 ohms. Therefore the percent 
change i n   t o t a l   g a i n   r e s i s t a n c e  i s  approximately one f i f t h  t h e  change i n  
t h e  IGFET o r  +2 percent. 
Contactless switching using an insulated gate  f ie ld  effect 
t r a n s i s t o r  (IGFET) is used f o r  each gain switch instead of a n  electro- 
mechanichl relay. The IGFETT can be switched on and off  b y  t h e  e x i s i t i n g  
programmer switching voltage level and requires only a r e s i s t o r   i s o l a t i o n  
network f o r  each IGFET switch.  Relays for  this  appl icat ion require separate  
semi-conductor amplifiers for each switching relay used. To meet t h e  
rel iabi l i ty  requirements  using relays would most l i k e l y  reqdre using the 
la tching relay types which require add i t iona l  c i r cu i t ry  to  ach ieve  cu to f f .  
Because of t h e  above complexity using relays, IGF'ET's are s p e c i f i e d  f o r  t h i s  
application. 
5.4 R e l i a b i l i t y  
The Rel iab i l i ty  eva lua t ion  and comparison o f  t he  t W G  design 
approaches i s  presented in  the fol lowing paragraphs.  Unit  I consis ts  of  
the following functional units:  (1) Inverting Amplifier, (2) Operational 
Amplifier, (3) Demodulator,  and (4)  Gain Switching. Unit No. I1 i s  of  the 
same bas i c  design; however, it i s  modified f o r   t h e   p i t c h  up condition only. 
Unit No. I1 cons is t s  of  the  fo l lowing  func t iona l  un i t s :  (1) Operational 
Amplifier (2) Demodulator,  and (3) Gain Switching. Failure rates used 
in   t he   eva lua t ion  are derived from the LTV Astronaut ics  Fai lure  Rate Journal 
previous analyses of Scout subsystem components. 
Rel iab i l i ty   b lock  aiagramsare presented   in  figures 14  and 15. 
Part  and funct ional  component failure rate tabulat ions are included i n  
Tables V through VIII. Equat ions  for  re l iab i l i ty  ca lcu la t ions  are included 
i n  f i g u r e s  1 4  and 15. Table I V  summarizes t h e  results of the evaluatiox. 
and presents  a comparison o f   t he  estimated reliability of each unit. 
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TABLE I V  
RELIABILITY S W R Y  
As i n d i c a t e d   i n   t h e  surmnary, t he  e s t ima ted  r e l i ab i l i t y  of Un i t  
No. I i s  .99900 and for  Uni t  No. I1 i s  .99920. These estimates are based 
on the conceptual electronic design only. P a r t s  and materials were not 
evaluated; however, a cursory evaluation of p a r t s  s e l e c t e d  f o r  u s e  i n  t h e  
un i t   i nd ica t e s   t ha t   t hey   a r e   adequa te   fo r   t he   app l i ca t ion .  
I n  comparing t h e  estimsted f a i l u r e  rates fo r  each unit (No. I 
and No. 1 1 )  it i s  noted  tha t  the  d i f fe rence  i n  'failure r a t e s  i s  s igni f icant .  
This difference comes about due to  the increased complexi ty  of  Unit  No. I 
over Un i t  No. 11. I n  o t h e r  words, the higher estimated failure ra te  of  
Un i t  No. I i s  due t o  t h e  f a c t  t h a t  it requires  more par t s  than  Unit  No. 11. 
I n  ei ther  case the basic  design represents  a sound and reliable approach. 
5.5 Trade  Study 
As previously discussed, the trade study i s  based on two versions 
of t h e  pre-programed gain changing multiplier. The assurnptions made f o r  
the simplified system are t h a t   t h e  compensation is not  requi red  for  p i tch  up 
.program commands and that the range of p i t ch  program s teps  i s  l i m i t e d   t o  
0.06 t o  4 degrees per second. Both assumptions are made based on the  h i s to ry  
of Scout flight programs. For example, t he  typ ica l  maximum program rate i s  
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TABLE V 
UNIT I 
PART  FAILURE FATE TABULATION 
Circuit 
Part  Part Designation BP 
TYTe  Number Part Value 
Resistors: 
Metal Film 
Variable 
I I  
I1 
II 
I I  
I I  
II 
II 
11 
I I  
I I  
11 
It 
II 
I 1  
11 
I I  
I I  
I I  
11 
m60c 
II 
I1 
I I  
II 
I I  
I t  
I I  
i t  
I I  
I I  
II 
II 
It 
I I  
I I  
I1 
I I  
11 
3280L ,Bms 
I I   I I  
t I  11 
Quantity 
2 
2 
2 
2 
2 
2 
20 
20 
2 
2 
2 
2 
2 
2 
2 
20 
20 
20 
20 
2 
20 
20 
Derating 
Parameter 
Power 
11 
11 
I I  
I I  
11 
II 
11 
I1 
II 
I t  
11 
I t  
11 
It 
I 1  
II 
I I  
l l  
II 
I I  
11 
Stress 
Maximum Level Failure Ra e 
Rating Actual/Rated (Failures/lO i hrs.) 
125 mw 
11 
I I  
I I  
I I  
I I  
I t  
11 
I I  
I I  
I 1  
11 
I I  
I I  
It 
I I  
I I  
I t  
I I  
250 mw 
I I  
I1 
4 .01 
c .01 
.012 
.011 
09 
913 
4 .01 
c .01 
09 
4 .01 
.01 
4 .01 
4 .01 
* x 3  
.056 
.032 
,064 
c .01 
.06 
.02 
.02 
.02 
,040 
.0b0 
.040 
.040 
. O M  
.0b0 
.0b0 
.040 
.0b0 
,040 
.040 
.0b0 
,040 
.Oh 
,040 
040 . 040 
.040 
. 040 
.014 
.014 
.014 
Total 
Failure Fa e 
(Failures/lO 8 hrs.) 
.080 
.080 
.080 
.080 
. O b  
.080 
.800 
.800 
.080 
. 080 
. 080 
.080 
.OM 
. 080 
.om . 800 
.800 
.800 
.&O 
.028 
.280. 
.280 
TAEU V (Cont'd) 
UNIT I 
PAKT FAILW RATE TABULATION 
Circuit  Stress Total 
Par t   Par t  Designation & Quantity  Derating M a x i m u m  Level  Failure Rate Failure Rate 
TYPe Number Part  Value Parameter  Rating Actu;rl/Rated ( Failures/106 hrs . ) ( Failures/106  hrs . ) 
Resistors Continued: 
Carbon Comp.  RCO7GF R 3  2  Power  250 mw 4 .01 ,004 
R 4  2 b o 1  .004 I I  I t  I t  11 
tl 11 I I  x18 2 < 001 .004 11 
Carbon Comp.  RC42GF ~ 2 8  1 2.0 w .53 ,004 I I  
,008 
.008 
,008 
.004 
I t  I I  I t  =9 1 II I t  -53 .004 004 
Capacitors: 
Connectors: 
DSMOLI2-lbP J l O l  1 Active --- .24 0 190 
Pins 
Diodes : 
Silicon G.P. Xi4003 CR3 
11 I I  I I  CR4 
CR5 
Zener Reg.  lN2979B CR6 
I t  I I  I I  
20 Power  730 mw 
20 
20 
'I 
II 
I1 
I1 10 w 
.020 
0 020 
.020 
.TOO 
. 090 
.045 
. 090 
1.200 
1.200 
.600 
Ago 
.400 
b 4 0 0  
.400 
,700 
TABLE V (Cont'd) 
UNIT I 
PAKIl FAILURE FATE TABULATION 
Circuit  Stress  Total 
Part  Part Designation & Quantity  Derating .Maximum Level 
m e  Number Part Value Parameter  Rating  Actual/Ratea (Failures/lO Fail- r rs.) (Failures/lO  hrs) rte 
Transistors : 
IGFEl!,E!Leld Effect 2N4351 
a4352 
m , f i e l d  Effect 2172606 
I1 I t  I 1  
a718 
a4351 
m4351 
m4351 
211718 
a 7 2 2  
a4351 
a4351 
Inductors: 
I ron  Cove M0-3,UTC 
Transformers: 
Toroid DO-Tk1,UTC 
11 DO-T41,uTC 
I 1  DO-T37,UTC 
Operational  Amplifiers: 
&1 
Q2 
Q9 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
&lo 
Q u .  
34 
L2jo.5 W 
T1, 2:l:l 
T2, 1:1:1 
T3, 1:1:1 
Op. -1. Mode UC-l515A,m OAM-1 
A t  (Total Failure Rate) = 16.543/106 hrs. 
Rt (Roll-Yaw Compensator U n i t )  LI .99900 
2 
2 
2 
2 
2 
2 
20 
20 
20 
2 
2 
2 
2 
2 
2 
2 
Power 
I f  
I I  
11 
I t  
I I  
I 1  
11 
I I  
I t  
I I  
No. of 
Terminals 
No. of 
Terminals 
I I  
I 1  
" 
300 mw 
300 mw 
I 1  
400 mw 
300 mw 
300 mw 
300 mw 
400 mw 
400 raw 
300 mw 
300 mw 
" 
" 
" 
" 
" 
,050 
.050 
e 020 
-. 020 
.050 
050 
050 
.020 
.020 
e050 
,050 
012 
l 054 
,054 
,054 
1.065 
MTBF (Mean-Time-Between Failures) I 6 x 10 4 hrs. 
e l oo  
100 
,040 
.040 
e 100 
.loo 
1.000 
.400 
.400 
,100 
e 100 
024 
.lo8 
.lo8 
,108 
2.130 
Part  
Type 
Resistors: 
Metal  Film 
11 I 1  
I t  11 
I t  I 1  
TmLE VI 
UNIT I1 
PAKI!  FAILURE RATE TABULATION 
(Modified for   Pi tch up Only) 
Circuit  Stress  Total 
Part  Designation & Quantity  Derating Maximum Level  Failure Rate Failure Rate 
Number Part  Value Parameter  Rating  Actual/Rated  (Failures/l06 hrs) (Fallures/l06 h w  ) 
Carbon Comp . RC4XF 
I t  I 1  I 1  
Variable 3280L 
I 1  I t  
II I 1  
Capacitors: 
Solid Tantalum CS13,Sprg 
11 I I   I 1  I 1  
11 11  11 I t  
D i f i l m  Metal ll@ ,SPrK 
Clad 
R2, 66K 
R3, lOOK 
R4, - 5  -200K 
R7, lOOK 
R8, 68K 
Rg, 20UK 
Rlo, 2 . 0 x  
Rl1, 40n 
R12, 40 
m, gx 
R5 
R6 
C1,  1 5 ~ f  
c2, 19pf  
c4, 10)f 
c3, 0.lpf 
2 
2 
20 
2 
2 
20 
20 
1 
1 
2 
20 
20 
2 
2 
1 
1 
Power 
I 1  
11 
II 
I 1  
11 
I1 
I 1  
11 
11 
11 
I1 
Voltage 
11 
I1 
Voltage 
125 mw 
125 mw 
11 
11 
I1 
11 
I I  
2.0 w 
2.0 w 
250 mw 
I 1  
I I  
50 V 
20 v 
50 v 
200 v 
.20 
.40 
56 
.24 
.0h0 
.040 
.040 
.OM 
.040 
.Ob 
.Oh 
.004 
.004 
.014 
.014 
.014 
600 
.600 
.600 
.OM 
.080 
.m 
080 
.080 
.&IO 
.800 
.004 
004 
.028 
280 
.280 
1.200 
1.200 
.600 
TABLF: VI (Cont’d) 
UNIT I1 
PART FAILUIB RATE TABULATION 
(Modified for  Pitch Up Only) 
Part 
Type 
Circuit  Stress Total. 
Part Designation & Quantity  Derating M a x i m u m  Level Failure Rate Failure Fate 
Number PaLt Value Parameter  Rating Actual/Rated (Failures/l& hrs ) (Failures/l06  hrs)
Connectors: 
DSMO4-12- n o 1  1 Active -- .24 .190 .600 
14P Pins 
Diodes : 
Zener Regulator 3N2979B CR1 1 Power 10 w 50 700 .700 
Transistors: 
XF”,l!Eld Effect 2N4351 Ql 2 Power  300 mw 01 .050 .loo 
4 .1 .050 . loo 
4 01 .050 .loo 
4 .1 . 050 loo 
< .1 . 050 1.000 
a2 
l l  1; II 11 Q2  2 
$3 2 
Q4 2 
Q5 20 
I I  11 
II 11 II I1 II II 
II I I  II I t  I I  I t  
I I  I I  II II II II 
Inductors: 
No. of 
I m  core Mo-3,urc ~1,0.3 IIY 2 Terminals -- 2 Terms .012 .024 
T r m s f o m a :  
No. of 
Toroid DO-TICl,UTC TI., 3:l:I. 2 Terminals -- 6 .054 .lo8 
II 
II 
I1 
‘I T2, 1:1:1 2 ” 6 ,054 
“ T3, 1:1:1 2 ” 6 .054 
11 
I t  II 
.lo8 
.lo8 
Operational Amplifiers: Op. Amp. Mod. UC-l515A,Sprg OA“1 2 ” ” “ 1.065 2.130 
)\T(Totd  Failure Rate) = 12.740/10‘6 hrs . MIlBF (Mean-Time-Between Failures) = 7.8 x lo4 hrs. 
FLt (koll Yaw Unit) = .99920 
TABLE VI1 
W T  I 
FAILURF: RATE TABULATION BY FUPJCTIOPCIL COMPONENT 
Total  
Functional  Failure Rate Fai lure  Rate ImBF Rel iabi l i ty  
Component Quant i ty   (Fai lures/ ld  hrs) (Failures/l06  hrs) (Hours) t = Mission Time 
Inverting 2 1 899 3 798 26.4~10~ 99976 
Amplifier 
Amplifier 2 1.065 2.130 4 6 . 8 ~ 1 0 ~  *999% 
Demodulator 2 1.626  3.252 30.6fio4 e99979 
Gain Switching 20 .368 7.360 13.5~10 4 9 9995 4 
TAEZE V I 1 1  
UNIT I1 
FAILURE RATE TABU!i‘ION BY FUJ!JCTIOTIAL COM€’ONENT 
Total  
Functional  ailure Rate Failure Rate MTBF Rel iabi l i ty  
Component Quantity  (Failures/lOG hrs) (Failures/l&  hrs) (Hours) t = Mission Time 
Amplifier 2 1.065 2.130 4 6 . 8 ~ 1 0 ~  -999% 
Demodulator 2 1.626 3 252 30.6~10 
9 99979 
Gain Switching 20 368 7 360 13. 5 d 0 4  .99954 
4 
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YAW COMPENSATION 
m 
YAW COM PEN SAT IOtd 
I 
I 
COMPENSATION 
03 ! 
X6 = \.0L5.\CY6 X,= \ . 6 2 b ~ \ O ' ~  X,= 3.68040'b 
3.5 degrees per second and t h e   t y p i c a l  minimum rate is  0.09 degrees per 
second. Also, s ince  Roll and Yaw Compensation i s  required t o  reduce o r b i t a l  
i n c l i n a t i o n  errors and  pi tch up program commands have occurred only for   probe 
and re-entry missions, pitch up commands are not needed f o r  Roll and Yaw 
Compensation. 
The values  for  the parameters  l i s ted  in  the  t r ade  s tudy  (Tab le  I X )  
are based on the analyses perforned in the preceding paragraphs.  The s i z e  
and weight numbers used are based on t h e  summation of t h e  volume and weight 
of  the individual  components i n  t h e  c i r c u i t .  A f a c t o r  of t h r e e  is used 
f o r   t h e  volume o f   t he  package and en addition of one pound i s  used f o r  
the weight of t h e  package. The cos t  i s  based on component pa r t s  cos t  on ly  
and does not include package, design, testing, etc. The f inal  schematics  
for Roll and Yaw Compensation a r e  shown i n   f i g u r e s 1 0 a n d  11. The s tud ie s  
have concluded t h a t  Yaw Compensation i s  i d e n t i c a l   t o  Roll Compensation. 
5 -6 Conclusion 
Based on t h e  results of the analyses and computer simulations, it 
i s  concluded t h a t  the s implif ied vers ion of  the pre-programmed gain changing 
mul t ip l i e r  i s  b e s t  suited for  the requirements  of  Roll and Yaw Compensation. 
Therefore the following sections describe the breadboard tests and f i n a l  
design of the selected system. 
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3. Reliability 
4. Pre-Flight 
Preparation 
TABU I X  
COMPARISON OF ORIGINAL AM> REVISED REQUIREMENTS 
Original Requirements Revised Requirements 
Parts Count 
a. Transistors 
b. Field Effect Transistors 
c.  Resistors 
d. Capacitors 
e. Diodes 
f, Transformers 
e;. Potentiometers 
h. Inductors 
-+ 59 of output over the expected 
temperature range. 
,99900 Reliabil i ty 
16.543/106 hrs  Failure Rate 
Requires adjustment of gain t o  match 
pitch program ra te   for  each channel. 
5 .  Power Requirements 28 VDC at 120 ma 
26 V 400 HZ a t  1 ma 
Parts Count 
50 
34 
228 
20 
102 
6 
42 
2 
Parts Count 
a. Transistors 
b. Field Effect Transistors 
c. Resistors 
d. Capacitors 
e. Diodes 
f .  Transformers 
g. Potentiometers 
h. Inductors 
Same 
.99920 Reliabil i ty 
12.740/106 hrs  Failure Rate 
Sane 
Same except 110 ma @ 28 VDc 
' 6. Size and Weight  2  pounds-30 cubic  inches 1.7 pounds - 20 cubic  inches 
7. cost   Parts Cost $859 Parts Cost $596 
8 
28 
96 
18 
1 
4 
42 
2 
6.0 BKEADBOARD IiESULTS 
6.1 Ci rcu i t  Changes 
The con t ro l  e l ec t ron ic s  circuits s p e c i f i e d   f o r   t h e   o r i g i n a l  
breadboard are shown schematically i n   f i g u r e  11. During the fabrication and 
testing of the breadboard, the following necessary changes were incorporated. 
Since certain vendor delivery schedules for breadboard components were 
incompatible with the required tes t  schedule, component subs t i t u t ions  were 
made which would no t  i nva l ida t e  the  t es t  results, .These subs t i t u t ions  are 
given i n  Table X I .  A LTV designed pre-amplifier was used i n   t h e  t es t  in s t ead  
of t h e  Sprague model UC151’jA pre-amplifier which could not be de l ive red   i n  
time f o r  t h e  tes t .  The s p e c i f i c a t i o n s  f o r  t h e  LTV pre-amplifier are given 
in  Table  X. After prel iminary tes t ing the FET demodulator was redesigned 
t o  achieve the required gain margin a t  the higher  tempel-atures f o r   t h e  m a x i m u m  
load cont i t ion (highest  torquer  current) .  Addit innal  bias  vol tage had t o  be 
added to  the gain switching FET’s t o  meet the null  requirements with the 
increased s ignal  levels  f rom the demdulator  a t  high temperatures. Testing 
revealed that decoupling networks were required and these were added t o  
the  DC power leads feeding the LTV pre-amps to prevent cross coupling between 
channels. A 2 0 V  b i a s  was incorpora ted  for  the  LTV pre-amp t o  achieve adequate 
gain margin a t  elevated temperatures with minimum d i s to r t ion .  Damping 
r e s i s t o r s  were added i n  series with the input transformers to the demodulators 
t o  el iminate  instabi l i ty  caused by the non-linear (switching) demodulator 
load on the pre-amplifier. T r im circuits were added i n  series wi th  the  gyro 
simal  i n p u t s   t o  compensate for gyro  nul l  o f fse t s  inherent  in  the  guidance  
gyrcs which p rov ide  the  inpu t s  t o  the  ro l l  and yaw compensation con t ro l  
electronics.  
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I 
TABLE: X 
L W  Pm-AMPLIF'IER CHARACTERISTICS* 
Min 
26 
- Unit  s/Remarks 
db 
Parameter 
Voltage gain 
Voltage gain s tabi l i ty  
Bandwidth 
20.01 20.014 
10 
12 
30 
14 
Output h 0  HZ 
Input Z 400 HZ 
output z 
Output noise voltage 
9 12 
40 70 Kilohms 
15 50 ohms 
50 100 microvolt (p-p) with 
input shunted by 
25 kilohms and 0.005 
microfarad 
Power d iss ipa t ion  
Power supply 
Operating  temperature 
120 
18 
25 
200 
22 
71 
milliwatts 
Volts DC 
degrees C (range 
tested) 
Storage temperature -55 degrees C 
* With 600 ohm load 
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TABLE X I  
E I " R 0 L  EI;E(;TRONICS COMPONENTS 
Schematic 
Symbol (s)  P a r t  Number Vendor Specif icat ions 
c1g ,c25, c24 
C 7 , C 9 , C l l , C 1 2  
cl5, c17, c18, c21 
C2,C5,C8 
C 1 4 ,   C 2 0  
m155D909- 
RN55D5621F 
RN55D1103E' 
RN55DlOOOF 
VTC 
VTC 
W C  
VTC 
TI 
T I  
T I  
Motorola 
Motorola 
T I  
Bourns 
Bourns 
Bourns 
Bourns 
I R C  
IRC 
I R C  
I RC 
I RC 
I R C  
I R C  
I R C  
DATS 
I R C  
I R C  
I R C  
I R C  
I R C  
I RC 
Spague 
Spague 
TF4RX13yy Pin  Terminals 
li lF4Kx17yy Pin Terminals 
TF'4RX13yy Pin Terminals 
TF'5RX20ZZPin Terminals 
TO72 Case 
T O 7 2  Case 
Spec per  Table XI1 
Spec per  Table XI1 
MIL-R-27208A 
MIL-R-22097B 
MIL-R-22097B 
M I L - R - ~ ~ O ~ ~ B  
MIL-R-10509 
MIL-R-10509 
MIL-R-10509 
MIL-R-10509 
M I L - R - I . ~ ~ ~ ~  
MIL-R-10509 
m-~-10509  
MIL-R-10509 
MIL-R-26C 
MIL-R-10509 
M T L - R - ~ o ~ ~ ~  
M I L - R - ~ o ~ ~ ~  
M I L - R - ~ O ~ O ~  
MIL-R-10509 
MIL-R-10509 
MIL-C-39014 
MIL-C-26655B 
MIL-C-26655B 
MIL-C-26655B 
N m :  Components shown for  pre-amplif ier ,  wi thin dashed l i n e s  on Figure 16 
schematic may be replaced with Sprague Type UC1515A amplif ier  module 
when module has   been  tes ted i n  t h e   c i r c u i t .  
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6.2 F i n a l  Circuit 
The recommended circuit  conf igura t ion   for  ro l l  and yaw compensation 
is presented i n  figure 16. This c i r c u i t  i s  intended t o  provide  for  any  p i tch  
rate from 0.6 t o  4.0 degrees per second for any of t h e   t e n  yaw compensation 
and  f ive  roll compensation outputs. It i s  also in tended  to  provide  the  
capab i l i t y  of d i s a b l i n g   t h e  compensation c i r c u i t   f o r  program commands other 
than  p i tch  down (p i t ch  up, yaw torquing,  zero rate) .  The disabl ing of  the 
compensation f o r   t h e s e  commands can only be accomplished by providing f o r  
an open c i r c u i t  a t  t h e  required output. A shor t ing  strap on each output 
would provide this  capabi l i ty  and therefore  the pi tch up, yaw torquing, o r  
zero rate comnds could be used for any of the channels.  However, increased 
complexity as well as a s i g n i f i c a n t   i n c r e a s e   i n  package weight and volume 
make t h i s  scheme undesirable. Studies have  concluded that the  shor t ing  
s t r a p s  are unnecessary i f  proper assignments are given t o   t h e   p r o g r a m e r  
outputs. For example i f  s t e p  number t e n  i s  always zero rate, only nine 
channels are requi red  for  yaw compensation. The zero rate command m u s t  be 
used i n  each  f l i gh t  as t he  las t  p i t ch  command and before-flw torquing. It 
is  fur ther  concluded that  yaw torquing, when required, will be as s igned  to  
progrmmer channel eleven. Pitch up commands, when used, take the place 
of one of  the nine pi tch down commands, If pitch programer channel number 
nine i s  a s s igned  fo r  t he  p i t ch  up conmand, only eight  channels  are  required 
f o r  yaw compensation. When t h e  p i t c h  up coinmand is not used, the pitch down 
command f o r  channel nine will always OCCUT dur ing  th i rd  s tage  coas t  when 
t h e  compensation i s  not required.  Therefore the circuit  given i n  f igu re  16 
requires  only e ight  channels  for  yaw compensation instead of the ten shown. 
The component par ts  required for t h i s   c i r c u i t  are given in  Table  X I .  
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1 
Rol I 
ROI I 
Rol I 
Rol I 
Amp1 OUT 
Amp1 IN 
Displ  Sig 
Displ   Sig 
Roll Demod OUT 
15 V 400 Hz ( H i )  
15 V 400 Hz (Lo) 
28 v DC  orn 
+28 v DC 
Yaw  Amp1 OUT 
Yau Demod OUT 
Amp1  DC Fwr 
Yw Amp1 I N  
Ym Displ  S ig  (Hj) 
Ym Disp l  Sig (Lo) 
Torqr Can 
Yaw Torqr 
h o g  Galn 10 
Prog Gain 9 
Prog Gain 8 
Prog Galn 7 
Prog Galn 6 
'21 I Prog  Galn 5 
I 
! I  
1 2 0  ~ Prog  Galn 4 
i i  
-- I9 1 Prog  Galn 3 .  
1 1  -- 18 Prog  Gain 2 
- 16 Prog  Gain I 
4 27 ~ Rol I Torqr 
I 
1 1  
6.3 Test Results 
6.3.1 Gain, Room Temperature: Yaw Compensation 
Channel #l 
AC Input DC Output ( torquer)  
1.0 v in-phase 
-8 
-6 I' 
.4 I' 
.2 
.2 out-of  -phase 
0 
.4 l1 
.6 " 
.8 I' 
1.0 
Channel &2 
AC Input 
1.0 in-phase 
.8 I' 
-6 I' 
.4 
02 'I 
.2 out -of -phase 
0 4 
.6 " 
.8 
1.0 
0 
Channel #3 
AC Input 
1.0 v in-phase 
8 'I 
6 'I 
04 
.2 
2 out -of -phase 
4 
.6 *' 
.8 'I 
0 
1.0 
Pre-Amp Out 
2.739 vac 
2.209 
1.659 
1.120 
5649 
0039 
5689 
1.120 
1 659 
2.210 
2.789 
Demod Out 
+ -595 
+ .471 
+ -353 
+ .236 
+ .118 - .0008 - .118 - .233 - 0346 - -456 
- -577 
+ 1.533 vac 
+ 1.2269 
+ -9259 
r .6199 
+ 03129 - 0001g - .3190 - *633 - .9&99 
-1 2670 
-1.6000 
DC Output 
+ -393 
+ -3-5 
+ -236 
+ -158 
+ .07& - .om5 
- -0793 - =157 - -233 - .SO - -387 
Torquer Out 
+ .455 vdc 
+ -363 
+ -273 
+ .I84 
+ 0091 - .0006 - .ogl - J79 - -269 - e 3 5 5  - .a1 
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channel L #4 
AC Input_ 
1.0 v in-phase 
.8 
.6 . 4 
02 I' 
0 
.2 out-of -phase 
.4 I' 
.6 
.8 
1.0 'I 
Channel #5 
AC Input 
1.0 v in-phase 
0 
.2 out  -of -phase 
4 
.6 'I 
.8 
1.0 
Channel jb 
AC Input 
1.0 T in-phase 
.8 I' 
.6 'I 
-4 
.2 'I 
.4 It  
0 
.2 out-of -phase 
.6 
.8 It 
1.0 I' 
DC Output 
+ .3343 
+ .269 
+ .202 
+ .13b 
+ .0672 - a0005 - .0679 - .134 - .mo - .266 - -332 
DC Output 
+ .289 
+ .230 
+ .174 
+ .115 
+ .057 - .0004 - 0055 - . n o  - .163 - -215 - .265 
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AC Input 
1.0 v in-phase 
.0 
.6 " 
,4 
,2 
. 2 out -of -phase 
04 l1 
0 
.6 " 
08 
1.0 
AC Input 
1.0 v in-phase 
.8 
.6 " 
.4 'I 
.2 
,2 out  -of  -phase 
.4 
.6 " 
08 
1.0 
0 
Channel +,, 
AC  Input 
1.0 v in-phase 
08 
.6 . 4 
.2 
.2 out-of  -phase 
.4 It 
.6 
.8 " 
1.0 
0 
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DC Output 
+ .169 
+ .136 
+ 0102 
+ .06g 
+ 0035 - 00002 - 0033 - .068 - 0101 - 0134 - e169 
DC Output 
+ o m 7  
+ -0895 
+ .0676 
+ .Ob50 
+ .0225 - 00002 - .0228 - 00454 - .0680 - .0906 - a 3 0  
DC Output 
+ .0561 
+ .0451 
+ -0342 
+ .0228 
+ -0114 - .0001 - .on6 - 00229 - -0344 - -0458 - -0571 
Channel #lo 
AC Input  
1.0 v in-phase 
00 
.6 
04 
02 
0 
2 out -of -phase 
-4 'I 
.6 
.0 
1.0 
Rol l  Compensation 
Channel #l 
AC Input  
1.0 v in-phase 
.8 
.6 
.4 
.2 
0 
Channel $2 
AC Input 
1.0 v in-phase 
.8 
.6 
.4 
.2 I' 
0 . 2 out  -of -phas e 
04 
.6 
-8 " 
1.0 
Pre-Amp Out 
Dc output  
+ a0079 
+ 00064 
+ .oou 
+ .0032 
+ .0016 
0000 - .0016 
9 -0033 - .0049 - 00065 - .0081 
DC Output 
+ -5943 
+ -4826 
+ .3672 
f -2441 
+ .1220 - .go11 - -1224 - 02407 - .3564 - a4636 - -5642 
Demod out 
+ 1.2859 v 
+I. 0469 
+ -7969 
+ 05399 
+ .2699 - .001g - 02,749 - 05479 - 08099 
-1 0679 
-1 369 
.dc 
Torquer Out 
+ .4059 vdc 
+e 3267 
+ .2466 
+ -1651 
+ -0820 - .0007 - -0810 - -1594 - -2326 
- 03688 - .3028 
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AC  Input 
1.0 v in-phase 
00 
DC Output 
.6 
.4 . 2 
.2 out-of-phase 
04 'I 
0 
.6 " 
.0 
1.0 
Channel #4 
AC Input 
1.0 v in-phase 
.8 I' 
.6 . 4 
.2 
.2 out-of  -phase 
0 
04 
.6 " 
.8 I' 
1.0 
Channel #5 
AC Input 
1.0 v in-phase 
00 I 1  
.6 " . 4 
.2 It 
. 2 out -of -phase 
.4 
.6 It 
.8 I' 
0 
1.0 
+ *B27 
+ .2365 
+ -1803 
+ .1202 
+ 00595 - .om5 - -0596 - 03-3-79 - rl740 - .2256 - -2753 
DC Output 
DC Output 
+ .0568 
+ .0465 
+ .0354 
+ .0239 
+ .on9 - .0001 - 00119 - -0238 - -0351 - .Ob59 - 00559 
6.3.2 Gain, 71°C: Yaw Compensation 
Channel #2 
AC Input  
1.0 v in-phase 
08 It 
.6 " . 4 
02 
.2 out-of-phase 
04 
.6 I' 
.8 " 
0 
1.0 
Channel #lO 
AC Input  
1.0 v in-phase . 8 I' 
.6 I' . 4 
.2 
.2 out  -of -phase 
.4 It 
.6 " 
.8 
1.0 It 
0 
Roll Compensation 
AC Input  
1.0 v in-phase 
.0 
.6 I' . 4 
.2 
.2 out-of  -phase 
04 
.6 
.8 " 
1.0 
0 
Pre-Amp Out 
2.999 vac 
2.339 
1 749 
1.170 
5829 
00139 
6099 
1.200 
1 779 
2.359 
2.999 
Demod Out 
+1.5880 vdc 
+1.2689 
+ .9560 
+ .6389 
+ 0359 - 00079 - -3339 
.6659 - -9998 
-1 335 
-1.690 
Dc output 
+ .0082 
+ .0066 
+ .0050 
+ .oo$ 
+ .0017 
0000 - .0017 - 00034 - e 0 0 5 1  - -0068 - 00086 
Demod Out 
Torquer Out 
+ .4523 vdc 
4. 03590 + .2682 
+ .1784 
+ -0876 - .0021 - .cgll - 01798 - 02674 - 03531 - .4433 
Torquer Out 
+ -3990 vac 
+ -3252 
+ .2446 
+ .1637 
+ .0798 - .001g - .082 - -160 - -2319 - -3013 - -3604 
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Channel 7% 
AC Input  Dc output  
1.0 v in-phase 
.8 'I 
.6 I' 
.4 I' 
2 'I 
2 out  -of -phase 
.4 
.6 . 8 
0 
1.0 l1 
Potentiometer  Authority 
+ .0607 
+ .0496 
+ 00379 
+ .0254 
+ .0125 - .0003 - -0130 
. 00257 - .0378 - -0492 - 00598 
(a) N u l l  Adjust - with input shorted measure output of pre-amp 
as trim po t s  R3 and R3l are adjus ted  s top  to stop: 
Roll Compensation: RX, 1.489 v in-phase 
1.639 v out-of-phase 
Yaw Compensation: R3, 1.179 v in-phase 
1.289 v out-of  -phase 
(b) Pre-Amplifier Gain Adjust - With the  inpu t  set a t  1.0 v o l t  
in-phase neasure the input and output of the pre-amp as 
ga in  pots  R5 and R33 are ad jus t ed  s top  to  s top :  
R o l l  Compensation: R33, Input  output 
min .0929v 2 559v 
Yaw Compensation: R5, Input  output 
max .1549  4.35
min .Og2gv 2.619 
82 
6.3.4 Load Resistors: 
The loads used fo r   t he  breadboard as measured by a resistance 
bridge are: Roll Compensation, 197.97 ohms 
Yaw Compensation, 202.33 ohms 
6-3-5 Regulated Power Supply 
Measure the regulated voltage as the input supply i s  varied, 
Room Temperature: Input Supply 
32 vdc 
28 
26 
24 
22 
71Oc : 32 vdc 
28 
26 
24 
22 
6.3.6 Power Requirements 
Measure to   cu r ren t  f o r  each power source, 
Room Temperature:  Supply 
71Oc : 
28 vdc 
15  v, 400 Hz 
13 vdc 
28 vdc 
15  v, 400 Hz 
13 vdc 
Regulated  Voltage 
20.879 vdc 
20.859 
20.829 
20 0779 
19 360 
21.349 vdc 
a . 3 9  
a . 3 9  
21.110 
19 .OW 
Current 
62.5 XIE 
0.26 ma 
8.0 DEL 
54 ma 
7.5 XlEl. 
0.26 ma 
6-3-7 Measuring Equipment 
The following equipment is used f o r  the breadboard t e s t :  
(1) Digital Voltmeter  Electro  Instruments 
Model 3000A 
SIN 00070 
Tektronic 
Model 545A 
S I N  033986 
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(3) Di f f e ren t i a l  Voltmeter  John Fluke 
Model 803 
S/N 03664 
m c o  
Model ABC 30-.3 
S/N 22680 
KEPCO 
Model ABC 3O-.3 
SIN 01964 
(6) 400 Hz from laboratory generator with variac S/N #l 
i n  l i n e  f o r  15V source. 
6.3.8 Gain 
Selection, by specification, of t h e  demodulator and gain switching 
FET's is required t o   a s s u r e  optimum gain margin, gain linearityand-minimun 
null offset .  Table XI1 gives the FET switching characteristics together 
with required selection parameters. The breadboard test  results indicate 
the necessity for  r e s t r i c t ing   ce r t a in  parameters of t h e  components. 
The FET's are required  to  be se lec ted   for  minimum and equal on -
resistances as well as minimum and equal leakage currents for the demodulator 
application. Selection of t h e  FET's i n  t h e  gain switching circuits are 
made on the   bas i s  of minimum on resistance and leakage currents. 
The null  offset  voltages achieved by t h e  demodulator and gain 
switching circuits are ac tua l ly  less than +0.0002 vo l t s  from 25' - 71°C; 
however, t h e  test  data (channel 2 f o r  exauple) measures the  demodulator output 
n u l l  as high as -0.0079 vo l t s  and the torquer output null  as high as -0.0021 
v o l t s  f o r  a n u l l  gyro input signal. This discrepancy was caused b> the  AC 
pre-anplifier, which feeds the demodulator, picking ur, 400 HZ spurious 
signals on the breadbozrd end hence the  AC-pre-amplifier did  not  actually have 
84 
TABU X I 1  
SWITCHING TWSISTOR CHARACPERISTICS * 
2Nk352 P - m J L  1 0 s  I G F E T  
Parameter 
Gate Threshold Volts 
Drain-Source E Resistance 
Dra in  currerit a t  zero gate 
voltage and -gV drain-to 
source 
Gate le&ge current 
Drain t o  gate and 
gate to source 
breakdown 
fix - Remarks 
-1.5 vdc -6.0 vdc Spec a t  -2.0 vdc max. 
250 ohms 300 ohms A t  -13.5 vdc gate 
vol t s  and 3 DE drain 
current. Spec a t  
250 oms m x .  
” 
* 35v 
5xlO’%mps Spec a t  2X10e9 amps 
with +5V substrate 
to source bias 
arrrps Drain t o  source = OV 
Gate t o  source = +25V 
” 
gTk€%O (TIXS41) N-CHAIQmL  JFET 
Drain source on resistance ” 40 ohms Matched 2N4860 ’ s 
required (57%) 
Drzin cutoff current amps D r a i n  t o  source l 5 V  
Gate t o  source 5V 
Gate cutoff  current ” 5-0’9 Gate t o  source -2OV 
* Temperature  range 25 C - 7loC 0 
a5 
a zem nul l  output .  This  is shown i n  t h e  t es t  results for  channel  2 tests 
where the  AC pre-amp a c t u a l l y  had a 0.0139 v o l t  1100 E, output signal. at 
n u l l .  To v e r i f y  t'ne n u l l  qualities of the demodulators and gain switches 
on the breadboard the AC-pre-amp was disabled (DC power removed) and the 
n u l l s  re-measured a t  the output of the demodulator and gain switch circuits.  
The nulls could not be measured with the instruments available,  (less than 
kO.0001). Schedules did not pexmrit re-work of the breadboard to  e l iminate  
or minimize t h e  AC-pre-amp 400 Hz feed-through. Tnis pick-up and/or feed- 
through of the 400 Hz var i ed   i n  a randon manner and with arrangement of the 
t es t  leads terminated a t  the breadboard. This i s  considered a descrepancy 
which can be corrected by proper package and cabling design. 
6.3.10 Unbalance 
Response of the switching FET's to  input  s igna ls  of  oppos i te  
p o l a r i t i e s   v a r i e s   K i t h   t h e   r a t i o  of l oad  r e s i s t ance  to  FET on resis tance,  
and  the ratio of - on gate   vol tage  of   the FET t o  t he   s igna l   l eve l   and   po la r i ty  
which is switched. For the  P-channel FET, which requires  a negative on -
gate voltage,  a pos i t i ve  inpu t  s igna l  ac t s  t o  dec rezse  the  FEZ E resis tance 
and a negative input signal a c t s  t o  i n c r e a s e  t h e  FEC 0" resis tance.  For 
input  s ignals  which are much less  than  the  ga te  vol tage  th i s  e f fec t  is 
negl ig ib le ,  bu t  for  input  s igna ls  which approach a l a rge  f r ac t ion  o f  t he  ga t e  
vol tage  the  e f fec t  becomes apprec iah le  in  most appl icat ions where the  load  
resis tance i s  of   the same magnitude o r  less than  the FET resis tance.  
The result of  th i s  e f I ' ec t  i s  t o  cause non-linear signal response which 
increases  a t  r e l a t ive ly  h igh  s igna l  l eve l s .  The e f fec t  can  be minimized 
f o r  a given   load   res i s tace   and  FET gate  on voltage by specifying a low 
on r e s i s t a m e  f o r  t h e  FET's used. For the worst  case load and signal 
condi t ion  occmring  in  th i s  des ign ,  the  spec i f ica t ions  in  Table  XI1 f o r  t h e  FET's 
should give a response that i s  l inear  wi th in  251 over  the  temperat.ture range. A 
typical  gain curve of  the f inal  breadboard i s  showf i n  figure 17. 
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6.4 Rel iabi l i ty  
Component changes between t h e  f inal   c i rcui t   configurat ion and the  
proposed breadboard c i rcu i t   ( f igure  11) a f fec t   t he   r e l i ab i l i t y   ana lys i s  of 
paragraph 5.4. However, since the f i n a l  c i rcui t  represents  a simplification 
of the proposed system i n  terms of t o t a l  parts, it is concluded tha t   the  
r e l i a b i l i t y  of the f i n a l  c i r c u i t  i s  super ior  to  the  proposed c i r c u i t  
analyzed i n  paragraph 5.4. Therefore the reliabil i ty analysis i s  not 
updated but the following table i s  included t o  show the reduction i n  the 
1. 
2. 
3. 
4. 
5 .  
6. 
7. 
0. 
Resistors 
Potentiometers 
Capacitors 
Diode 
Field  Effect  Transistors 
Inductors 
Transformers 
Operational  Amplifiers 
number of component parts:  
Number of Par ts  
Proposed Circuit   Final  Circuit  
70 48 
44 30 
6 1 3  
1 5 
28 17 
2 2 
6 6 
2 2 
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7.0 CHECKOUT " H O D  
The checkout requirements f o r  Roll and Yaw Compensation are t h e  
measurement and adjustment of the torquing rates f o r   e a c h   o f   t h e   e i g l t  yaw 
channels and five roll channels. The checkout philosophy w i l l  be similar 
t o  tha t   p resent ly   used   for   checkout   o f   the   p i tch  programmer torquing rates: 
1. Component acceptance  tes t ing  us ing  a standard program. 
2. Component accep tance  t e s t ing  wi th  f l i gh t  program. 
3. System bench t e s t i n g  w i t h  f l i g h t  program torquing rates. 
Since the design of t h e  Roll  and Y a w  Compensation i s  such that  
only the adjustment of potentiometers,  rather than the soldering of jumper 
wires and f ixed  r e s i s to r s ,  i s  r equ i r ed  fo r  t he  se t t i ng  o f  t o rqu ing  r a t e s ,  
s t e p  2 above can be eliminated. 
It is  recommended that the Ro l l  and Yaw Compensation Unit  be 
acceptance tes ted using a s tandard flight program and then torquing rates 
6djusted a t  the system bench l e v e l .  The torquing  ra tes  w i l l  then be 
v e r i f i e d  a t  the veh ic l e  l eve l .  
The compensation torquing rates will be s e t   t o  f 3$ t o  assme 
the required f 5% operational accuracy. The r a t i o  of the checkout requirement 
t o t h e   o p e r a t i o n a l  requirement i s  consis tant  with the phi losophy used in  
t h e  ?heckout of other Guidance System components. 
7.1 Acceptance Tests 
During fabrication of t h e  Compensation unit, the gain potent io-  
meters k i l l  be set t o  a s t a n d a r d   f l i g h t  program t h a t  will inc lude  the  maximum 
range of > i t ch  program rates. The ga in  se t t i ngs  Kil be ver i f ied during 
acceptancetest ing of  the uni t .  Standard laboratory t es t  equipment will be 
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u t i l i zed  fo r  t he  accep tance  t e s t ing .  A t es t  cable with a tes t  box will be 
the only GSE necessary  for  the  acceptance  tes t ing .  S igna l  inputs  for  the  
displacement and timer comrrands t o   t h e   p i t c h   p r o g r a m e r  wil be   app l i ed   t o  
t h e   u n i t  and the  ga in  of each channel w i l l  be measured. 
7.2 Bench System Test 
The SEI normal ly  re leased  for  the  ins ta l la t ion  of t h e   f l i g h t  
p r o f i l e   p i t c h  program torquing  ra tes  wil be  eqanded to inc lude  the  Roll 
and Y a w  Compensation torquing  ra tes .  The p rocedure  fo r  ro l l  and yaw torquing 
rates will be similar to  the  procedure  for  de te rmining  the  p i tch  program 
torquing rates. 
7.2.1 The r o l l  and yaw gyro  torquer   vol tage  scale   factors  will be 
determined by applying a known voltage to each torquer and measuring the 
gyro displ.acement for a f ixed per iod of time. The measured torquer  sca le  
f a c t o r  wil be used to  ca l cu la t e  t he  vo l t age  ga in  of t he  Compensator un i t .  
7.2.2 The fo l lowing   or ien ta t ion  w i l l  be used t o  minimize d r i f t  
during the gain adjustment.  
This  or ien ta t ion  is used for adjustment of the Yaw Compensation vol tage 
gains.  The r o l l  and yaw gyro orientations are interchanged for  t h e  adjustment 
of the  Rol l  Compensation voltage gains.  The gyros Ere uncaged while oriented 
10' off  of t h e  l o c a l  v e r t i c a l  and are then rotated about  the roll input  axis 
90 
t o  t h e  o r i e n t a t i o n  shown. This orientation provides a loo rol l  displacement 
signal with zero roll gyro d r i f t  due t o   e a r t h ' s  rate and mass unbalance. 
The yaw gyro will drift i n   t h i s   o r i e n t a t i o n  due t c   e a r t h ' s   r a t e  and mass 
unbalance. However, since only the yaw gyro torquer voltage and not the 
torquing rate i s  being measured, t he  yaw gyro d r i f t  does not cause a measure- 
ment e r ror .  
The gain of each channel of Yaw Compensation is s e t  by actuat ing 
the   appropr ia te   p i tch  program s t ep  and adjusting the potentiometers to the 
reauired voltage across the yaw gyro torquer as determined by the  measured 
torquer  scale  factor .  This  tes t  i s  performed using existing Scout WE. 
7.2.3 Torquing r a t e s  will then  be  verified by appling a displacement 
s igna l  and the t imer command f o r  each p i t ch  program s t e p  t o  t h e  compensator 
and measuring the  compensation torquing rate.  The rate will be measured by 
ro ta t ing   the  axis under t e s t   f o r  a fixed period of time and measuring 
the magnitude of rotation. The following IRF' or ien ta t ion  i s  used f o r  this  
W ~ A L  JE~LTICAL 
EAIZ-W'S SP\*"\S 
The gyros are uncaged a t  2' 44' south of  the local  ver t ical  and the  yaw 
gyro i s  torqued  unt i l  the  input  axis is 32O 44' south of t he  loca l  ve r t i ca l  
t o  provide a loo yaw displacement signal with zero gyro d r i f t  due t o  
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earth's rate. This  or ien ta t ion  is used f o r  measuring Roll Compensation 
torquing rate. This  or ien ta t ion  results i n  d r i f t  due t o  mass unbalance 
about the gyro spin axis and input axis. S ince  the  IRP cannot be o r i en ta t ed  
t o  g i v e  z e r o  d r i f t  due t o   e a r t h ' s  rate and mass unbalance f o r  two gyros, 
t h e  gyros are or ien ted  for  zero  ear th ' s  rate d r i f t  s i n c e  i ts  e f f e c t s  are 
greater than mass unbalance. 
unbalance is: 
Roll; MUm = 
WSRA = 
The r e su l t i ng  m a x i m u m  d r i f t  due t o  mass 
0 
I n   t h e  case of Rol l  Compensation, t h e  roll gyro drift adds 
d i r e c t l y  as an output error.  The yaw gyro d r i f t  i s  a funct ion of t h e  
pe r iod  o f  t he  t e s t  s ince  the  yaw gyro is used as a d isp lacement  input  to  the  
system. Therefore the testing t ime must be minimized t o  minimize the  e r ro r .  
Also,  since the roll  gyro i s  being rotated about i t s  input  axis t o  measure 
the torquing rate, +,he  yaw gyro input a x i s  will be displaced off of perpen- 
d i c u l a r  t o  t h e  e a r t h ' s  s p i n  a x i s .  This displacement causes the yaw gym 
t o  sense a component of e a r t h ' s  r a t e  r e s u l t i n g  i n  a yaw gyro dr i f t .  
Although t h i s  d r i f t  i s  small, (12.6512 s i n  OC O/hour, where & i s  the angle  
displaced from the perpendicular)  the angle  of ro t a t ion  must be minimized 
t o  minimize the  e r ro r .  
7.2.4  For a 10' displacenent  input and a p i t c h  program rate range  of 
0.06 t o  h0/second, the  cowensa t ion  torquing  ra te  will be from 0.0105 t o  
0.6981°/second.  The  measureKent of these torquing rates  should be accurate  
t o  f0.00003°/second f o r   t h e  low rate end +0.00209°/second f o r   t h e  high' 
rate t o  achieve a neasurement accuracy an order of xragnitude greater than 
" 
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t h e  checkout tolerance. Therefore, it can be seen  tha t  mass unbalance alone 
results i n  a 3$ e r r o r  f o r  t h e  low rate. It is  concluded that t h e  mass 
unbalance f o r   t h e   r o l l  gyro m u s t  be measured and used as a co r rec t ion   f ac to r  
a p p l i e d   t o  a l l  program s t eps  which w i l l  result i n   z e r o  measurement e r r o r  
due t o  t h i s  d r i f t .  O t h e r  measurement e r ror  sources  are: 
a. Yaw gyro mass unbalance d r i f t  
b. Yaw gyro  ear th ' s  rate d r i f t  
c .  Griswold  head  reading  accuracy 
d. EPW timer  accuracy 
e. Yaw Displacement input uncertainty. 
The Griswold head accuracy i s  +lo" of the  scale reading. Therefore,  the 
greater reading accuracy occurs f o r  ia rger  angles .  As previously mentioned, 
the  angle  of  ro ta t ion  m u s t  be small t o  minimize gyro drift due t o   e a r t h ' s  
rate. To achieve the required k O . 3  measurement accuracy, a compromise 
must be made between tes t ing t ime and angle  of ro ta t ion .  A discussion of 
t h e  measurement accuracy follows: 
Assume the  ang le  o f  ro t a t ion  to  be 2'. 
The measurement e r r o r s  are: 
(1) Griswold reading error (output) = 10" = .13% 
(2 )  Time f o r  0.0105°/second = 190.48 seconds  nominal; and 
EPW e r r o r  = 190.48 k .01 (fl count) = .005$ 
(3 )  Yaw gyro  e r ror  due t o  2' component of  ear th ' s  rate d r i f t  = 
12'6512 sin 2o X 190.48 = 0.0228' o r   f o r  a loo yaw 3600 
displacement, yaw error i s  1/2 (0.0228/10) = O.ll4$ 
The fac tor  of  1 /2  i s  included since the displacement error 
due t o  e a r t h ' s  rate d r i f t  will increase from zero t o  .0228O 
as the Griswold head i s  rotated from zero to  2O. 
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(4) Yaw er ror  due t o  mass unbalance f o r  190.48 seconds is: 
(.000430/sec + .00067°/sec)190.48 = 0.21O 
The result ing yaw displacement error of 2.1$ approaches 
the required checkout tolerance of 3. Therefore , it is  
concluded that the yaw gyro mass unbalance m u s t  be measured 
and used as a displacement  correction  factor. The mass - 
unbalance error will then be the component added due t o  
the ro%ation of the gyro axes from the given orientation - 
o r  MUu = 0.00043 s i n  2' = 0.000015°/sec 
"UsRA = 0.00067 s i n  2' = 0.0~23°/sec.  
Since the change i n  mass unbalance dr i f t  increases  from 
zero t o  0.000038~/sec as the IFP i s  rotated, the yaw 
displacement error due t o   t h i s   r o t a t i o n  is: 
1/2(0.000038 X 190.48) = 0.036$ 
10 
(5)  The uncertainty i n  set t ing the 10' yaw displacement input is: 
10" x 1 = .o% 
100 3600 
The t o t a l  maximum e r r o r   f o r   t h i s   t e s t  method is the summation of 
the error sources,  or (1) + (2)  + (3 )  + (4) + ( 5 )  
err = .I38 + .005 + .U4 + .036 + .03 = .323$ 
This measurement accuracy i s  considered sufficient to meet the 
required checkout tolerance of f 3$p. 
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8.0 FINAL DESIGN 
8.1 GSE Requirements 
As previously determined, the only GSE necessary for  acceptance 
t e s t i n g  i s  a tes t  box and cable. Bench system tests w i l l  be performed with 
the Guidance tes t  point  uni t  modif ied as required for  the   add i t ion   o f  ro l l  
and yaw compensation. Vehicle tests will use e x i s t i n g  GSE. 
8.1.1 Acceptance  Test  S t 
The Acceptance Tes% S e t   f o r   t h e  roll and yaw compensation package 
w i l l  be fabricated from off-the-shelf  commercial hardware. The test set  
w i l l  be housed i n  a portable  container  and provide the controls ,  displays 
and t e s t  points  as shown i n  f i g u r e  18. The tes t  se t  is  shown i n  f i g u r e  19. 
The cables will be an  in tegra l  par t  o f  the  tes t   se t  with storage provisions,  
when  not; i n  use, provided on t h e  rear of t h e  test  set. New drawings will 
be provided t o  c o v e r  documentation of the t e s t  set. The tes t  set will have 
the capabi l i ty  of  being used as a break-out box in  the  vehic le .  This  capa-  
b i l i t y  wil be used for  t rouble  shoot ing only.  
8.1.2 Guidance Test Point  Unit  Modification 
The modification of t h e  Guidance Test Point Unit  will be by 
modification kit and drawing revision of existing drawings. The tes t  poin t  
un i t  p resent ly  has  spare  b inding  pos ts  which are not connected o r   i d e n t i f i e d .  
The addi t ion  of  the  r o l l  and yaw compensation package connector tes t  poin ts  
will require 37 binding posts  on t h e   f r o n t   p a e l ,   t h e   a d d i t i o n  of a connector 
a t  the r e a r  and a cable. The tes t  poin ts  will be i n  t h r e e  s e p a r a t e  groups 
Of twenty (x)), t e n  (10) and seven (7) due t o  t h e  l o c a t i o n  of available spares. 
A cable wil be provided t o  connect the compensation package t o   t h e   r e a r  of t h e  
t es t  poin t  un i t .  The addi t iona l  wi r ing  requi red  in  the  test poin tuni t  i s  shorn 
i n  figure 20. 
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Roll O i s p l  ( H i )  
R o l l  o i s p l  (Lo) 
15 V 400 Hz (Hi )  
15 V 400 Hz (Lo) 
28 V DC (+) 
28 V DC (COMM) 
Yaw O i s p l  ( H i )  
Yaw o i s p l  (Lo) 
Yaw Pre-AMP IN 
Q, Yaw Pre-AMP OUT 
Yaw  Oemod OUT 
+I5 V OC 
Yaw Torquer   (H i )  
I I  - s 9 - 5 2  
15 V AC C u r r e n t  
12 4 P 2 6  
20 
21 
22 
23 
24 
25 
26 
6 Gain  I 
13 V DC COMM. 
6 Gain  2 
6 Gain  J 
b Gain  4 
6 Gain  5 
6 Gain  6 
6 Gain  7 
6 Gain  8 
0 Gain  9 
6 Gain  IO 
Roll Torquer   (H i )  
Roll Pre-AMP IN  
Roll Pre-AMP OUT 
Roll Demod OUT 
NOTE : 
2 .  A l l  s h i e l d s  c o n n e c t e d  t o  s h i e l d  g r o u n d  
1 .  AI  1 w i r e  # 2 0  AWG. 
e x c e p t  s h i e l d s  a t  J I  a r e  f l o a t e d .  
3. A l l  r e s i s t o r s  1/8 WATT. FIGURE 18.- ACCEPTANCE  TEST BOX: ROLL & YAW COMPENSATION 
FIGURE 19.- ACCEPTANCE TEST S E T  
ROLL AH0 YAU COHPENSATIOH  TEST POINT UNIT 
R o l l  Oispl  H i  
R o l l  0ispl LO 
Yaw o i rp l  LO 
Spare 
Y.W 0 i 5 p l  Hi  
15 V 400 HZ Hi  
28 v DC (+) 
15 V 400 HZ Lo 
28 v oc cow 
Y ~ W  PWWP In 
spare 
+15 v oc 
Ym Prc-AnP OUT 
Yaw Oemd OUT 
Yaw Torquer HI 
d Galn I 
0 Galn 2 
b Galn 3 
6 Galn 4 
d Galn 5 
6 Galn 6 
d Galn 7 
6 Gain 8 
6 Galn 9 
b Gain 10 
Roll Torquer Hi 
Roll Pre-AMP IN 
Roll Pre-AMP OUT 
Roll Demod OUT 
(0 * 
!3 v oc COM 
L iJ I/ 
NOTES: 
I. A l l  w i r i n g  #20 AWG. 
2. S o l i d  l i n e s  indicate  ne* wires; 
dot ted   l ines   ind ica te  e x i s t i n g  wires .  
3 .  Hew s h i e l d s   r h w n  a t  connectors JI  and 53028 
should be t i e d  t o  m l r t i n g  shie lds I n  those 
FIGURE 20.- TEST POINT UNIT  YlRlHG CMNGES. 
3025 
P R O G R A H H E R  
connectors. 
8.2 Package  Design 
The packaging design w i l l  u t i l i z e  proven concepts and materials 
and wiU provide a uni t  of minimum size and weight consistent  with  this 
packaging concept. 
The various  circuit  zomponents w i l l  be mounted on two (2) 
double sided prlnted circuit boards. The design study indicates t h a t  the 
lower board will contain  the  rol l  and yaw .amplifiers and demodulators. 
The upper board w i l l  contain the output f ie ld  effect   t ransis tors  and associated 
adjustment potentiometers. The compensation uni t  will be packaged i n  a 
drawn aluminum box or other suitable housing with a flat  base plate. The 
proposed package configuration is  shown in  f igu re  21. A thirty-seven (37) 
pin Cannon "D" ser ies  miniature  connector i s  proposed fo r   e l ec t r i ca l  
connection to  the uni t .  The overall size of the compensation unit wil be 
approximately 5.25 long, 3.50 wide and 2.00 high. The calculated weight of 
the  proposed uni t  i s  1.96 pounds. 
8.3 Vehicle Changes 
0.3.1 Package Ins ta l la t ion  
The package wil be mounted inside  the  existing  delta  structure 
i n  Scout lower "D" section, as shown in  f igu re  22. 
8.3.2 Vehicle Wiring Changes 
The proposed changes, to  the exis t ing vehicle  wiring, required t o  
Circuit splices using standard proven Scout crimp splices wil be used t o  
minimize harness rework and r e l i ab i l i t y  impact. Existing components will not 
be reworked t o  provide internal junctions. 
8.39 3 Weight 
It i s  estimated t h a t  the  installation  provisions and additional wiring 
will wei& one-half ( . 5 )  pounds, o r  a total   of2.46 pounds for   the  instal led  uni t .  
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ADJUSTMENTS 
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FIGURE 21.- ROLL & YAW  COMPENSATION  UNIT 
t 
101-10020-3 BATTERY PACK REF 
I4%4 DRG87Jl  P R O I R A Y U U  REF 
302C-ZA-E RADAR TRANIFUNDER'REF 
Y A W  AXI5-RANGE SIDE 
23-001D09 REF 
ROLL ( Y h W  COYPENSATION UNIT 
VIEW LOOKING FORWARD 
AT STA 124.51 
F I G U R E  22.- U N I T   I N S T A L L A T I O N   R O L L  & YAW COMPENSATION  GUIDANCE  SYSTEM. 
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F I G U R E  23.- W I R I N G  MOD - ROLL E YAW COMPENSATION U N I T  GUIDANCE SYSTEM. 
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9.0 - CONCLUSIONS AND FG3COMEE~lJ2lTIONS 
The important conclusions resulting f r o m  t he  R o l l  and Yaw 
Compensation Study are : 
1. Hardware can be produced capable of meeting the design 
objectives and accuracy requirements of R o l l  and Yaw 
Compensation analyses and simulation. 
2. The addition of R o l l  and Yaw Compensation t o   t h e  Scout 
launch vehicle results i n  a s igni f icant  improvement i n   t h e  
orbi ta l   incl inat ion  accuracy as affected by the  lower stage 
errors.  
3. The greatest  improvement i n  inclination accuracy occurs with 
incorporation of R o l l  Compensation i n   t h e  f irst  stage 
only and Yaw Compensation i n   t h e  first, second, and t h i r d  
stages. 
4. The R o l l  and Yaw Compensation c i r c u i t  i s  bes t  mechanized 
by a pre-programmed multiplier  rdth  the  gain changed on 
command from the  Guidance System Intervalometer  for  each 
p i tch  program step. 
5. Pre-flight adjustment of the compensation can be accomplished 
by the   s e t t i ng  of potentiometers and therefore no special  
pre-fl ight wiring is required. 
6 .  Roll and Yaw Compensation i s  not used f o r  p i t c h  up commands 
or  yaw torquing commands. The compensation i s  required for 
orbital missions only. 
Based on the  results of t h i s  study, LTV recommends tha t   t he  
necessary action be taken t o  immediately implement t h e   f i n a l  design, qualifi- 
cat ion  tes t ing,  and incorporation of R o l l  and Yaw Compensation i n  the Scout 
Vehicle . 
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